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FOLIA BIOLOGICA

Tom. III. (1957) — Fasc. 1.

The Production of Antibodies by Isolated Spleen Cells Following
Contact with an Antigen in vitro

J. STERZL
Institute of Biology, Czechoslovak Academy of Science, Department of Microbiology, Praha

Received September 19, 1956

The latest communications dealing with the possibility of antibody formation
in tissue cultures to which an antigen has been added in vitro show that antibodies
are not formed under these conditions (Parker 1937, Salle and McOmie 1937, Selmar
1944, Fastier 1948). Positive antibody formation in tissue cultures can be demon-
strated only if the tissue used for culturing is taken from an animal which has been
immunised in vivo (Meyer and Loewenthal 1927, Parker 1937, Fagraeus 1948a,
Ranney and London 1951, Thorbecke and Keuning 1953, Tanaka 1953, Stavitsky
1955, Askonas and Humphrey 1955). These results give evidence, as concluded by
Parker (1937), that the first phase of the reaction to an antigen takes place only
under the conditions of the organism.

It was assumed by the author that the non-specific mobilisation reaction which
occurs in the organism following administration of an antigen, directly participated
in antibody formation. This reaction is displayed both in biochemical and physiolo-
gical changes (changes in the blood sugar level, temperature, the number of leuco-
cytes, etc.) and also in changes of a morphological character in the mesenchymal
tissue (Fagraeus 1948b, Marshall and White 1950, Makinodan et al. 1954).

The present communication attempts to establish to what degree antibody form-
ation is dependent on the non-specific metabolic and morphological reaction of the
organism following administration of the antigen. The metabolic and morphological
changes were produced by a different antigen (guinea-pig serum); after a given
time (24 to 96 hours), the spleen was removed and the spleen cells isolated and
mixed with the antigen (Salmonella paratyphi B) in vitro. The mixture of spleen
cells and antigen was then administered intraperitoneally to young rabbits. These
had already proved to be the best animals for the transfer of immunised tissues in
previous experiments, as very young animals do not respond to an antigen by anti-
body formation (Sterzl 1955a). The same procedure was used with the controls, in
which the spleen cells of a normal, non-immunised animal were mixed with the
antigen.

Methods

A non-specific antigenic stimulus was produced by injecting rabbits (2—3 kg.) intravenously with
1 ml. guinea-pig serum 24 —96 hours prior to killing, as described in the individual experiments.

The spleen of both immunised and normal rabbits was removed and prepared in a cooled room at 2° C.
‘The cells were expressed from the spleen capsule into a chilled phosphate-physiological saline solution
with 0.29 gelatine. The individual cells were freed by repeated sucking into a pipette. For further
washing, which was carried out three times in the same solution, only a homogenous suspension of cells
was used. The final dilution was made by adding 1 ml. of fluid (suspension of antigen, in the controls
physiological saline) to 0.05 g. splenic tissue. In every experiment the number of cells was determined
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!n a Biirker chamber; a suspension of cells prepared in this way contained on an average 30—40 > 10¢
lymphoid cells/1 ml.

The antigen used was a heat-inactivated suspension of S. paratyphi B. The quantitative inter-rela-
tionship of spleen cells and antigen was one of the decisive factors for the experiment and is given in the
results. The mixture of spleen cells and antigen was incubated at 37 °C and then in jected intraperitoneally
in doses of 1 ml. in 5-day-old rabbits. The incubation time varied in the different experiments and

precise details are given in the tables; in most
cases the time of mixing was 10 minutes.

— The times at which blood was collected from
the young rabbits by cardiac puncture are also
given in the tables. After collection, the sera
were stored at —15°C and agglutination was
carried out in every group at the same time. In
cases where it was necessary to remove lipoid
substances, the sera were shaken out with chlo-
roform (Sterzl 1955). The agglutination specimens
were stored in a refrigerator and the results read
off after 4, 6 and 8 days.

The cells were irradiated in a dish placed in
ice, in a layer not exceeding 1 mm. Irradiation
5 81010214 17 2 25 % 35 was carried out using a Mikrometa apparatus
(AEG — 50-X-ray tube) under the following
conditions: focal distance 10 cm., Al 0.1, KV 50,
mA 6. With these constants the concentration
of irradiation is 430 r/10 seconds.

Fig 1. Transfer of spleen cells of normal rabbit
(40 x 108 cells/1 ml.) to two groups of young rabb-
its; mixed for 10 minutes: a) dashed — with anti-
gen S paratypht B in concentration of 100 x 166
microorganisms/1 ml., b) full — with antigen 500 X Results
X 10% micro-organisms/! ml. z: age of rabbits in
days; days on which blood collected denoted. y: titre .

of agglutinating antibodies. In the first experiments (Sterzl 1955),

in which the cells of a normal animal
were mixed with an antigen and trans-

sl T ferred intraperitoneally to young rabb-
] its, no antibody formation was found.
8 In these experiments the amount of
] antigen used was 10° bacterial cells in
‘] 1 ml. On reducing the amount of anti-
2l gen added to the cells in vitro, con-

clusive evidence of antibody formatiom
f— — 1 / L was found after a transfer to young
A G % 3 rabbits. The optimal relationship be-
Fig. 2. Isolated spleen colls (32 x 1051 ml) of Cveen antigen and cells was therefore
rabbit immunised intravenously 24 hours previously lnveStlgated' The results obtained hi-
with 1 ml. guinea-pig serum. The cells were mixed therto show that the most satisfactory
in vitro with the antigen (10 micro-organisms/ 1ml.) proportion is 1—2 micro-organisms to
for 10 minutes. = and y: as in tab. 1. one spleen cell. A higher concentration
of the antigen inhibits antibody forma-

tion (fig. 1).

Antibody formation was found after mixing the antigen (. paratyphi B. ) with
spleen cells isolated from animals following non-specific stimulation with guinea-pig
serum. The experiments were carried out in 60 young rabbits from 10 litters. In all
groups where there had been antigenic stimulation by the administration of a foreign
serum 24—96 hours before removal of the spleen, followed by mixture of the spleen
cells with the antigen ('S. paratypht B) in vitro, antibodies which agglutinated the
specific antigen were found within a few days following intraperitoneal transfer to
young rabbits (fig. 2 and 3). No substantial increase in antibody formation was
found even when the cells were isolated from the spleen of an animal which had
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been immunised over a period of 14 days with five doses of guinea-pig serum
(fig. 4). This finding is of interest in view of the fact that during the first days after
non-specific immunisation an increasingly marked morphological reaction took place
in the spleen tissue in all experiments (an increase in the number of reticular cells,
plasmoblasts and plasmocytes and a transitory decrease in the lymphocytes — Holub
1957). Antibody formation was also demonstrated in experiments in which spleen
cells were isolated from an organism immunised in vivo with the specific antigen
(8. paratyphi B) and mixed with

the antigen in vitro (fig. 5).
64-
321
161
i A
8-
16
4_
8-
24
4
5 8 ook 7 2 25 0 3B 5]
Fig. 3. Isolated spleen cells (41 X 10%1 ml.) of rabbit R
immunised intravenously 72 hours previously with
1 ml. guinea-pig serum. Incubated in vitro with antigen 64+ 4
(108 micro-organisms/1 ml.) for 10 minutes and trans-
ferred intraperitoneally to group of young rabbits. zand 321
y:as8 in tab. 1.
1'6_
) 8]
16
4
8
2
4
2 56 810 12% 17 2
] .
O S A P T T T T Fig 5. Isolated spleen cells (45 x 10%/1 ml.)
S 8wowvwm o 0 35 from two rabbits immunised intrave-
Fig. 4. Spleen cells were isolated from the spleen of nously 72hours previously with 1 ml. anti-
rabbit No. 43 (35 x 10%1 ml.), which had been im- gen S. paratypht B (108 micro-organisms).
munised over a period of 14 days with five intravenous Half the cells transferred to young rabbits
doses of 1 ml. guinea-pig serum. These were mixed for A) only washed in physiological saline, B)
10 minutes in vitro with the antigen 108 micro-orga- incubated, after washing, with antigen for
nisms/1 ml.) and after incubation were transferred 10 minutes (10® micro-organisms/1 ml.).

intraperitoneally to a group of young rabbits. z and y: as in tab. 1.

In further experiments carried out in eight groups of young rabbits, spleen cells
from normal animals which were mixed with the optimal amount of antigen were
transferred to the young animals. In all these experiments also there was clear
evidence of the formation of agglutinating antibodies (fig. 6).

Since spleen cells prepared in the same way and mixed with the optimal amount
of antigen did not form antibodies when cultured in tissue cultures (Rychlikové
and Sterzl 1957), it was necessary to consider whether the young rabbits did not
participate actively in the formation of antibodies. It was demonstrated, however
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Fig. 6. Isolated cells from normal rabbit (44 x 10%/1
ml.}, mixed with antigen (108/1 ml.) for 10 minutes.

z and y: as in tab. 1.

Fig. 7.

12 14 17 21 25 30 35

Isolated spleen cells of normal rabbit (39 X
10%/1 ml.) and irradiated with 860 r (full), 1,000 r

(dashed) and 1,200 r (dash and dot), then mixed
with antigen (108 micro-organisms/1 ml.) for 10 min-
utes and injected intraperitoneally in youngrabbits.

x and y: as in tab. 1.

5 8 101221 17 21 25 30 35

Fig. 8. Isolated spleen cells (43 x 1081 ml.). Half
the cells not irradiated (dashed line), half irradiated
with 1,200 r (full line). After 4 hours incubation at
37°C mixed with antigen (108 micro-organisms) and

injected intraperitoneally in young rabbits.

in eight groups (55 animals) that if the
isolated cells are irradiated, antibodies
were formed only in those animals to
which cells not damaged by irradiation
had been administered. The cells which
go on to form antibodies are either those
which have received only small doses
of irradiation (fig. 7) or non-irradiated
cells (fig. 8). Doses of 1,000 and 1,200r
completely inhibit antibody formation.

The possibility of the active partici-
pation of the young animals in antibody
formation is likewise not supported by
the following finding: After transfer of
the cells, an initial phase of rapid de-
velopment of antibodies occurs, which
can be inhibited by irradiating the cells.
The second phase of the antibody re-
action is the active response of the
young animals to the antigen which is
transferred together with the cells, and
coincides chronologically with the de-
velopment of antibodies which takes
place when only the antigen is admin-
istered to young animals (20th—30th
day of life). In the transfer of cells
together with the antigen, therefore, the
question is not one of induction of the
active response of the young animals to
the antigen, as in that case active anti-
body formation would have to com-
mence shortly after transfer of the cells.
Nor could it be demonstrated that the
administration of a foreign antigen in
any way accelerated the response of
the young animals to the antigen. This
was demonstrated by an experiment
in which a different antigen (guinea-
pig serum) was first injected and the
antigen S. paratyphi B. was injected
seven days later. The formation of
antibodies was in no way speeded up
following this measure, as compared
with the controls (fig. 9). The author
regards the organism of the young
rabbits to which the spleen cells are
transferred, together with the antigen,
as passive, as a suitable culture medium
encouraging the development of the
cells and their complex biochemical
processes which participate in the for-
mation of the antibodies.
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It was also wished to determine whether active processes take place in spleen
cells in the course of short-term incubation of the antigen with the cells in vitro.
It is possible that the antigen and spleen cells are simply transferred into a suitable
environment and that the actual reaction of antibody formation takes place only
within the young animal. There is evidence for this possibility in the fact that if
spleen cells from a nor-
mal adult rabbit were in-
jected in young rabbits |
and the antigen was not
injected until 24, 48 and 81
72 hours later (intraperi-
toneally), an antibody re-
action also occurred (fig. 2 l l
10). This would indicate
that the transferred spleen
cells survive in the young
rabbit and that contact of Fig. 9. From a group of six young rabbits, four injected on the fifth
the antigen with them is  day of life with guinea-pig serum. Dash-dot: 2 ml. guinea-pig serum
also possiblein vivo. Anti- intraperitoneally. Dashed: 3 ml. guinea-pig serum. Full: controls

s without serum. Antigen (10® micro-organisms/1l ml.} administered by
SOdy fO;’m:taOI.I was a’1§ 0 intracardiac injection on 12th day of life. x and y: as in tab. 1.
emonstrated in cases In

which the spleen cells
were first injected intraperitoneally and the antigen was then injected into the blood
stream (intracardially — fig. 11). This experiment also indicates that cells transferred
intraperitoneally do not remain only locally, but that they find their way into the
internal organs of the animal, as demonstrated by Holub (1957).

An attempt was made to demonstrate the significance of the time for which the
cells are in contact with the antigen in vitro by washing out the antigen after incu-

5 2 51702 24 28 3 I “

128+
64
32 . o
| Fig. 10. TIsolated spleen cells (28 X 1081 ml.) injected
5. ! intraperitoneally in young rabbits. Full: cells mixed im-
mediately with 1 ml. antigen. Dashed: 1 ml. antigen in-
8l jected intraperitoneally 24 hours after injection of spleen
cells. Dash-dot: 1 ml antigen injected intraperitoneally
<. 72 hours after injections of spleen cells. Dotted: spleen cells
killed by heating to 56° C for 30 minutes and injected in
2] young rabbits after being mixed with antigen. Concentra-
. J tion of antigen: 10% micro-organisms/ 1 ml. z and y: as
| S S Lo in tab. 1

67 90 M 1115 1B 20 24

bation together with the cells in vitro. In these experiments the cells were transferred
to four groups of young animals (21 in all). It was seen that washing out of the
superfluous antigen did not destroy the ability of the transferred cells to form anti-
bodies (fig. 12). The amount of antigen remaining in the cells was determined,
following destruction of the cells by freezing and thawing, by immunising adult
animals. In adult animals the amount of antigen added to the cells (108 micro-organ-
isms) gives an antibody titre of 1:512—1,024. Following immunisation with
destroyed cells, the antibody titre in rabbits averaged 1 : 32—64. Cells were trans-
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128+

64

324

6 9111315 18 22 26 I I
Fig. 11. Isolated spleen cells of rabbit immunised 72
hours previously with guinea-pig serum. After washing,
the cells were suspended in physiological saline (35 X
X 108 micro-organisms/1 ml.) and 1 ml. injected intra-
peritoneally. The antigen (108 micro-organisms) was
then injected into the blood stream by the intracardiac

route. x and y: as in tab. 1.
128J7

647

32

5 8 1012 1% 17 21 25 30 35
Fig. 12. Spleen cells isolated from normal rabbit (39 x
x 108 micro-organisms/1 ml.) incubated together with
antigen (108 micro-organisms/l ml.) for two hours at
37° C. After incubation superfluous antigen washed out
with gelat. physiological saline and cells injected intra-
peritoneally in doses of 1 ml. in group of young rabbits.
Part of the cells destroyed by freezing and thawing to
determine the amount of antigen in the ecells. 2 and
y: as in tab. 1.

ferred to two groups of young rabb-
its (13 in all); half of these cells had
been incubated, together with the
antigen, in a thermostat and half in
a refrigerator. Following incubation
the cells were washed and it was
found that the cells incubated to-
gether with the antigen in the refri-
gerator did not form antibodies.
Although it is not possible to con-
clude from these experiments that
the initial biochemical processes of
antibody formation take place al-
ready in vitro, the results permit the
conclusion that in vitro the cells bind
the effective amount of antigen,
which is only part of the total a-
mount added.

Discussion

Antibody formation was obtained
on isolated spleen cells by mixing
them in the optimal proportion with
the antigen in vitro and transferring
them after incubation intraperitone-
ally to young rabbits. At the time
of our first communication on the
successful formation of antibodies
by isolated spleen cells (Sterzl and
Hrube$ova 1955b), an extensive work
by Harris et al. was published (1955),
preceded by a preliminary commu-
nication (1954). Harris et al. suc-
ceeded in obtaining antibody forma-
tion on isolated cells of the lymphatic
glands, mixed with an antigen and
transferred to animals which had
undergone X-ray irradiation. Al-
though a different form of experi-
ment and a different antigen were
used, the results are basically the
same. Roberts and Dixon on the
other hand (1955), were unable to
demonstrate antibodies by mixing

the cells with the antigen in vitro and transferring the mixture to animals irradiated
with X-rays. They obtained positive results only when the animals had been
immunised in vivo. Our results do not confirm their findings. In our view, the
main cause of their negative results is the use of a protein antigen, as the demon-
stration of formed antibodies by precipitation is not a very sensitive method.

The main question is whether the formation of antibodies in a transfer of a mixture
of cells and antigen to young rabbits is not due to an active reaction on the part of

6
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the recipients. It was demonstrated that disorganisation of the vital processes of the
transferred cells—e. g. by irradiation—destroys the possibility of antibody formation
after their transfer to the young animals. This does not, of course, exclude the
possibility that irradiation destroys cell structures—e. g. mitochondria—which,
when transferred to young animals, induce a metabolic change which makes
the active reaction of the animals to the transferred antigen possible. This possibility
is not supported, however, by a further finding. Following transfer of the cells,
antibodies are formed in two chronologically separate phases. The first of these
depends on the function of the spleen cells, while the second is the actual active
response of the young rabbit to the antigen injected together with the cells. In the
experimental part it was shown that the active response is not speeded up in any
way as compared with injection of the antigen alone. If induction of a metabolic
state occurred, making a reaction to the antigen possible, then the persistent anti-
body level characteristic of active formation would be determined as the first
response, and not the typical curve of passive transfer. We regard the participation
of the young organism in the whole reaction as passive and simply as a suitable
medium for maintaining viability of the transferred cells and for the biochemical
processes essential in antibody formation.

Although in experiments with Rychlikovd (1957) we were not successful in
demonstrating antibody formation in tissue culture, after the addition of antigen to
explanted tissue, it is concluded from these experiments that the chief difference as
compared with transfers to young rabbits lies in inadequate nutritional conditions
in the tissue cultures. We believe that improvement of the culture medium in tissue
cultures and dynamic conditions of cultivation will produce the same result—i. e.
antibody formation— as in a transfer to young rabbits.

Tt also remains to be explained why antibody formation by transferred cells is of
relatively short duration. Why does antibody formation decrease at a time when,
as has been demonstrated, the transferred cells still survive in the organism of the
young animal? It is possible that further generations of cells, which do not come
into contact with the antigen, do not form antibodies and that the metabolic change
(the production of antibodies) is not inherited by further generations of cells. In this
association it should also be borne in mind that this may be the manifestation of
a transplantation immunity response on the part of the recipient. Further experi-
ments are being carried out in an attempt to determine the basis of this phenomenon.

The finding that- antibodies can be produced by isolated cells under suitable
conditions provides an answer to a number of questions. It defines the importance
‘of neurohumoral factors, primarily in the formation of the most suitable metabolic
conditions of the environment and of the metabolic level of the cells. On the other
hand, these experiments exclude the direct causal participation of nervous factors
and others in antibody formation. They are also an experimental reply to present
discussion on the significance of reflex processes for the formation of antibodies.
The finding of antibody formation in isolated cells permits attention to be con-
centrated on the stage of their development in which antibodies cannot be demon-
strated serologically either in cells or in serum. We are now embarking on these
investigations by studying metabolic changes which take place following contact
between antigen and cells and by studying the influence of antimetabolites and
radiation on the antibody reaction at cell level. At the same time the question arises
as to whether it will prove possible to bring about antibody formation following the
mixing of cell particles with the antigen in vitro. We raise this question because
antibody formation was transferred from immunised animals to young rabbits by
isolated mitochondria (Sterzl and HrubeSové 1955a).
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Summary

Cells isolated from the spleen of an adult rabbit and mixed with an antigen in vitro
(8. paratyphi B.) form antibodies when injected intraperitoneally in 5-day-old
rabbits. At that age young rabbits do not respond to the transferred antigen by
antibody formation.

No differences were found in the degree of formation, whether the young rabbits
were injected with the cells of a normal rabbit, the spleen cells of a rabbit immunised
with a non-specific antigen (guinea-pig serum) or with the specific antigen (S. para-
typht B.), after mixing with the antigen.

Antibody formation takes place in the presence of the optimal quantitative
relationship when mixing the cells and antigen in vitro. In a corpuscular antigen,
two micro-organisms of S. paratyphi B are added to one spleen cell. Larger doses of
the antigen inhibit antibody formation.

If isolated cells are irradiated, a dose of 860 r does not inhibit antibody formation,
while doses of 1,000—1,200 completely inhibit it. The transferred spleen cells of an
adult rabbit do not induce an active response to the antigen in young rabbits. The
participation of the recipient (the young rabbit) in antibody formation is regarded
as passive, i. e. the animal is regarded as a suitable culture medium for the trans-
ferred cells.

Cells injected into the organism survive; antibody formation can be evoked by the
injection of the antigen in young rabbits 24 and 72 hours after the injection of
washed spleen cells alone. Antibodies are also formed if the cells are injected intra-
peritoneally and the antigen is injected into the blood stream.

On mixing the cells with the antigen at 37 °C, the effective amount of antigen is
rapidly bound by the cells. The washing out of superfluous antigen following incu-
bation does not prevent the formation of antibodies.
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O0paszoBaHue aHTUTEN M30JIMPOBAHHEIMU KIIETKAMH CeJIe3eHKU II0CJIe
CcMeIIeHUsA ¢ aHTUTeHOM in vitro

f. LITEPILIb

Pesome

HKileTky, M30JiMpPOBaHHbIe U3 CeIe3eHKH B3POCJIOTO KPOJIMKA W CMEHIAHHEE ¢ aHTH-
regoM in vitro (S. paratyphi B) o6pasyior antutesia npu BIPEICKUBAHUH B TONIOCTH
OpPIOMAHL H-IHEBHBHIM KPOJNMKaM. B aTOoM BO3pacTe KpoJsibuaTa He Pearmpyior Ha
_ BBeJlelie aHTUTeHa 00pa3oBaBMeM aHTHUTEI.

He nabmopanoch pasanunii B 00 pa3oBaRAM aHTHTE]I B CIydasaX, KOTAA KpojibyaTaM
BBOIMJINCH TOCIIe BX CMEIEeHNA ¢ AHTATeHOM: KIIETKI HOPMAIIBHOTO KPOJINKAE, KIOTKU
13 Ceie3eHKM KPOJIMKA, AMMYHH3KHPOBAHHOrO HeCIeNnQHUeCKNM aHTUTeHOM (CBHIBO-
POTKOH MOPCKOHl CBMHKZ) uan jxe cumemufmueckum anturenom (S. paratyphi B).

O6pasoBanne aHTHTE] OGYCJIOBICHO OITHMAIBHBIM KOJMYECTBEHHBIM COOTHOIIE-
HUEM CMeCH KJeTOK U asHTHTeHa in vitro. ¥V KOPHYCKYJISAPHOTO aHTHIeHA MBI Ha
1 x7eTKy cesleseHKn npubaBisgem 2 Mukpo6oB S. paratyphi B. Bosnee snaunrenbnuie
03Bl AaHTHTeHA NOJABIAKT 06GpasoBaHme AHTUTEI. '

Ecan nsonmpoBannbie KieTkn obaydaores 860 r, aTo He monaBsider o6pasoBaHust
antures. O6ayuenne wierox 1000—1200 r mapymaer o6pasoBanne anTuten. Ilepe-
HeceHNe KIEeTOK CeJle3eHKHM B3POCIIOr0 KPOJMKA He BHI3BIBAET AKTHBHON pearunu
Ha aHTWIeH y KponbuaT. Mbl paccMaTpuBaeM yuacTHe pelMIUMenTa (MOJIOFOTO
JKMBOTHOTO0) B 00pa30BaHNM aHTUTEI KAK MACCHBHOE, — KAaK ydacThe 61aronpuATHOM
KyJIBTUBAMOHHON CpENBl AJIsl IIePeHOCHMEIX HIeTOK.

Brenennbie B OPranu3M KJeTKH BEUKHBAIOT: 00pa3oBaHne aHTUTE] MOKHO BBI3BATH
IyTeM . BIPHICKNBAHUA MOJOJBIM JKHBOTHHIM aHTHIeHa 4epe3d 24 m 72 waca mocie
BBEJICHHA TOJBKO IPOMHBITHIX KJIETOK cejle3eHKH. AmnTuTeja obpasyercda m Torna,
CCIIM KJETKU BBONAT B TOJIOCTH OPIOMNHEL, 8 aHTUTEH — B KPOBAHOE PYCJIO.

[lpn cvemmuBanun Kietok ¢ aBtmreoM npn 37° G ceasnBanme 5QQPEeKTUBHOTO
KOJMYecTBA AHTUIeHA KJIETKAMH HPOMCXOAMHUT OhlcTpo. DBRIMBEIBaHMEe OCTATKOB aHTH-
reHa mocJjie MHKyOarwn He HapymaeT o6pa3sOoBaHUA AHTUTE]L.
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Staphylococcal a toxin is almost universally held to be the main factor of the
pathogenicity of staphylococci. This view is based on the similarity of pathological
changes evoked by the injection of toxin and of a living culture in experimental
animals (Burnet 1929), on the relationship between the formation of toxin and of the
pathogenicity for experimental animals (Christie, North and Parlin 1946, Selbie
and Simon 1952), on the parallelism of antitoxic immunity and resistance to experi-
mental infection (Ramon et al. 1936, Downie 1937) and on the presence of a toxin
in the large majority of pathogenic staphylococei of human origin (Schwabacher
et al. 1945, Marks 1952). In the preparation of staphylococcal anatoxin, the strains,
culture media and purification methods are also selected on the basis of the formation
of a toxin (Ramon 1950, Vygodchikov 1950, Wittler and Pillemer 1948, Turpin
et al. 1954).

It is a striking fact, however, that staphylococeal a toxin haemolyses the erythro-
cytes and kills the leucocytes of various experimental animals, but not those of man,
or only to a very slight degree. Great interest was therefore roused by the discovery
of staphylococcal leucocidin, which differs from « toxin and is specific for human
leucocytes (Panton and Valentine 1932, Valentine 1936, Proom 1937).

An analysis of strains and antibody responses in a somewhat small number of
patients showed a closer relationship between the degree of severity of staphylococcal
infection and the formation of specific leucocidin than the formation of a toxin and
that resistance is associated rather with the presence of antileucocidin than of anti-
toxin.

The work since the communications of Valentine and Butler (1939) has neither
been repeated nor verified. This is partly due to the difficult and tedious method
used for demonstrating specific staphylococcal leucocidin, which consists in the
microscopic evaluation of the damage done to the leucocytes.

A method has been elaborated in our laboratory for the easy demonstration of
staphylococcal leucocidin, similar to that for differentiating live and dead bacteria
by staining (Mélek 1954). The quantitative production of toxin and of specific
leucocidin was determined in several hundred staphylococcal strains of varying origin
and a comparison made with the pathological process.

Materials and Methods

Most of the staphylococeal strains were obtained from routine diagnostic laboratories. All the strains
formed coagulase and agglutinated plasma on a slide. Coagulase negative strains do not form leucocidin.

Toxin and leucocidin were obtained by the cellophane method (Johanovsky 1956). A series of parallel
and repeated production confirmed that this method gives even results in the same strain, with only
slight fluctuation in the titres.
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Specific leucocidin was titrated in the following manner: the same volume (0.1 ml.) of human blood
cells, collected into diluted heparin and washed three times in Tyrode solution, was added to different
dilutions of toxin (1 : 4—1 : 512). After on hour’s incubation in a thermostat, 0.1 ml. of 1%, Congo red
was added and after three minutes the same amount of 0.29, Nile blue. The blood was examined
without fixation with an objective No. 20 or 45. Live leucocytes are stained pale blue, dead leucocytes
reddish brown; with high concentrations of toxin the leucocytes disappear completely. The living and
dead leucocytes are always counted until an absolutely clear result has been obtained in a given specimen.
As a rule, two counts are sufficient, with determination of 20— 25 leucocytes, as the limits of titration
are fairly well defined. A dilution in which most or all of the leucocytes have been killed is regarded as
a titre of leucocidin. Control preparations show over 909 living elements.

This method was tested for reliability and a quantitative comparison made with other methods for
determining the state of the leucocytes. In 120 titrations carried out in 25 specimens, concurring results,
or results differing only within the limits of one degree of dilution were obtained in 969,. This method
was also compared with determination of the vitality of leucocytes by means of a change in reduction
capacity (Jensen and Maaloe 1950), supravital staining of the nuclei (Kredel and Sant 1936) and staining
with methylene blue (Riman 1957). It was established quantitatively that on using this method the same
titres of leucocidin were found as on using the method of microscopic evaluation (Panton and Valentine
1932) and determination of the vitality of leucocytes according to their phagocytic capacity (Puchkov
and Titova 1952).

Antibodies against specific leucocidin were
determined as the dilution of serum neutralising
a working dose of leucocidin. Antigenic potency 30
was determined in vitro according to the ability [
of the antigen to become bound to the corres-
ponding antibody and in vivo according to the
development of antileucocidin, as in the previous 1 i
work with & toxin (Johanovsky 1956). Titration 10
of & toxin and antitoxin was carried out by the
usual haemolytic method in rabbit blood cells.
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Fig. 1. Titre of & toxin in strains of varying

origin: I. from pathological material, II. from

the throat and nose of patients with staphy-

lococcal infection, III. from healthy subjects.
z: titre of toxin, y: number of cases.

Fig. 2. Titre of specific leucocidin in staphylococ-
cal strains of varying origin: I. from pathological
material, IA from surface pathological processes,
II. from the throat and nose of patients with
staphylococeal infection, III. from healthy sub-
jects. x: titre of leucocidin, y: number of cases.
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Results

In staphylococcal strains which produced coagulase, ability to form « toxin and
specific leucocidin was subjected to a detailed quantitative analysis. The strains were
classified in a number of groups according to their origin: I. Strains isolated directly
from a pathological process, II. Strains from patients with a staphylococcal infection
but not from pathological foci (isolated from nose and throat), ITT. Strains from the
nose and throat of subjects without manifest staphylococcal infection. The result of
this comparison is shown in fig. 1, with reference to the production of « toxin in
a total of 542 strains. The graph shows the number of strains in every group which
attained the given titre of a toxin. It shows that there is no difference between the
groups in the distribution of toxigenicity of the strains; on the contrary, it would
appear that strains from pathological material produce rather less toxin.

The results of determination of specific leucocidin in 476 strains is shown in fig. 2.
For the sake of greater clarity, the strains from pathological material have been
divided into two groups, one from more severe processes (mastitis, phlegmon,
otitis, ete.), the other from surface processes (suppurating wounds, eczema, etc.).
In these an evident relationship was seen. The majority of strains from pathological
processes and patients with staphylococcal infections produce a considerable amount
of leucocidin, whereas the majority of strains from normal subjects produce very
little leucocidin.

A still more convincing result was obtained on dividing the strains from patholo-
gical material into groups, according to the individual morbid processes (tab. 1).
The relationship between the severity of the process and the titre of leucocidin is
marked. For example, there are statistically significant differences between groups
of strains from mastitis, abscesses and eczema (P < 0.001), strains from furunculosis

Table 1. Titres of Specific Leucocidin in Staphylococcal Strains Isolated From Various Pathological

Processes
No. of Average No. of cases with titre
Condition : titre of e -
cases g

leucocidin 0—16 3264 128-—256 256
Osteomyeclitis,
pyelonephritis
with metastases 5 294 — — 2 3
Otitis 11 164 — 5 3 3
Tonsillitis 5 147 — 1 4 —
Mastitis 20 130 1 6 9 4
Phlegmon 7 128 1 1 3 2
Panaritium 4 128 - 1 3 e
Furunculosis 23 90 3 8 9 3
Puerperal
subfebrility 60 64 12 19 21 8
Pemphigus
neonatorum 9 55 1 6 2 .
Abscess, :
secondary |
suppuration 53 46 13 24 7 4
Eczema 41 37 12 20 9 —
Afebrile puerperium 52 11.5 38 9 3 1
Throat and nose
of healthy subjects 146 12 98 | 24 21 3

{ |
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and eczema (P < 0.01) and strains from eczema and from the throat and nose of
normal subjects (P < 0.001), etc. Particular attention should be paid to the eighth
and penultimate groups; these are staphylococei cultured from the vagina in the
first days after delivery and are divided into two groups according to whether
a postpartial subfebrile condition of staphylococcal origin did, or did not, develop
(Sebek, Schubert and Johanovsky 1957). It is evident that precisely those strains
which are capable of producing leucoci-
din evoked infection of the genital tract
with a febrile course (P < 0.001). 251
Fig. 3 gives the collective results
for all strains isolated from patients
with staphylococcal infection and from 20
healthy subjects. The typical course of
the two-peak curve in strains from
healthy subjects shows that the mate- 7
rial is not homogenous. Staphylococei
from healthy subjects have a leucocidin
titre < 1 : 16 in more than two-thirds
of the cages, while the curve from the
other strains shows the same course as
that of the strains isolated from patho-
logical material, with the maximum
titre between 1 : 64 and 1 : 128, : '
The results justify the view being 0 4 8 16 32 64 128 256 512
teken that spemﬁc leucocidin plays an Fig. 3. Titres of specific leucocidinin {staphylococ-

a’pprGCiable role ]Il th(? pa,thogenesm calstrains isolated from patients with staphylococ-
of staphylococcal infections. We have cal infection and from healthy subjects. Strains

therefore dealt with it from the aspect from patients: full line. Strains from healthy sub-

of the preparation of toxoid. A brief jects: dashed line z: titre of leucocidin, y: number
. of cases in 9.

account of the results so far obtained

is given below.

Tt was confirmed that specific leucocidin can be produced in semi-solid media of
varying composition, but higher titres (sometimes decuple) were obtained with
production on cellophane (Johanovsky 1956). Leucocidin is an antigenic substance;
it can be detoxicated with formol under similar conditions as with a toxin. With
suitable detoxication (0.2—0.3%, formol after several days), antigenic loss does not
oceur.

In immunisation in rabbits, following several injections of toxoid prepared from
strains with a high titre of leucocidin, antibodies develop which neutralise several
dozen to several hundred minimal doses of leucocidin. Varying amounts of antibodies
are also found together with antitoxins in the blood of patients with staphylococcal
infections or who are convalescing from such infections. Antileucocidins and anti-
toxins do not influence one another in their action on corresponding toxins. In the
absence of a standard serum it is suggested that the amount of antibodies required to
neutralise 100 minimal doses of leucocidin should be taken as one unit of antileucocidin.

Discussion
The results show an unequivocal and statistically significant difference between
the titres of leucocidin in staphylococcal strains from normal human carriers and

strains from morbid processes. Elevated titres of leucocidin are also found in strains
from the throat and nose of patients with a staphylococcal infection; of these, it is

13
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already known from serological and phago-typization analyses that they belong
for the most part to the same strain as that in the actual infectious process (Hobbs,
Carrunthers and Gough 1947, Valentine and Hall-Smith 1952, Parker, Tomlinson
and Williams 1955). In addition, a marked relationship was demonstrated between
the titre of leucocidin and the degree of severity of the clinical condition. This
parallel is not, of course, absolute, but it is clearly marked and the differences found
are statistically highly significant. These results confirm the original findings of Panton
and Valentine (1932) in considerably greater detail and on far more extensive material.

1t is also necessary to consider whether the method used can provide an answer to
the question of the pathogenic significance of staphylococcal leucocidin. Specific
staphylococceal leucocidin is a substance which is selective for human leucocytes.
Its action on the white blood cells of the rabbit, guinea-pig and rat is relatively
about five times weaker as compared with its action on human blood cells. For this
reason the significance of specific human leucocidin can only be evaluated by an
analysis of material from infections in man and not by animal experiments, in
which its action is not sufficiently manifest and is concealed by the toxic effect
of a toxin.

Staphylococeal a toxin plays a decisive role in experimental infection in animals.
It is also of unquestionable significance in acute hypertoxic staphylococcal sepsis
(Burnet and Kellaway 1930, Kleiger and Blair 1940), but its role in banal forms of
staphylococeal infection is not yet sufficiently clear. It was found that titres of « toxin
are substantially the same in strains isolated from patients and from healthy sub-
jects. This concurs with individual data in the literature on the low production
of a toxin in strains from clinically severe infections (Mléochovd 1941, Blair 1939,
Lack and Wailling 1954) and with the communications of other authors (Stevans
and Cort 1926, Tager and Hales 1947), who were unable, in a large number of strains,
to find a connection between the amount of toxin and coagulase produced and
clinical pathogenicity. Contrary findings are not very convincing. Marks (1952) de-
termined only the extent of the haemolytic zone around grown colonies, Jackson and
Dowling (1955) assess the pathogenicity of a strain according to whether they
cultured it from the upper or lower part of the respiratory tract in patients with
poliomyelitis.

There are two possible ways of putting these results to practical use: 1. from the
aspect of diagnosis, i. e. of the differentiation between coagulase positive strains of
different pathogenicity, and 2. in preventive immunology. Increased production
of leucocidin indicates to a fair degree of certainty the infectious origin and thereby
probably the virulence of a given strain. Only 139, of the strains of infectious origin
had a leucocidin titre lower than 1 : 16. The finding of leucocidin titres in strains
isolated from healthy subjects can be explained, with reference to the two-peak
curve (fig. 3) on the assumption that the majority of “‘carrier” strains produce very
small amounts of leucocidin and that some of the subjects investigated are carriers
of extremely virulent staphylococei with the same properties as the strains isolated
directly from pathological processes. This assumption could be confirmed by
epidemiological observations, e. g. phage-typing. The finding that an elevated
leucocidin titre helps to identify carriers of dangerous virulent staphylococci among
hospital personnel, for example, would be of exceptional practical importance.

The second, and still more important question, is that of the utilization of these
findings in immunisation practice and in the preparation of immunological pre-
parations (toxoid, antiserum). Strains, media and methods of the purification and
evaluation of staphylococcal preparations are at present selected on the basis of
a toxin production. In our opinion, the results described above show that specific
leucocidin merits the same degree of consideration.
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Summary

A method for the simple demonstration of leucocidin specific for human blood cells
was elaborated, by means of differential staining of killed and living leucocytes. The
titre of specific leucocidin was determined in 476 strains, and the titre of a toxin
in 542 strains, all of different origin.

In the case of a toxin there is no difference in the titre in strains of different origin
In the case of specific leucocidin, strains isolated from a pathological process form
far more leucocidin than strains isolated from healthy subjects. There is a statisti-
cally significant correlation between the titre of the leucocidin and the degree of
severity of the condition evoked by the strains in question. The characteristics of
the strains isolated from healty subjects show that this is a non-homogenous group,
which contains both banal carriers of only slightly pathogenic staphylococci and
also carriers of strains with the same properties as those isolated from infections.

These results demonstrate the possibility of diagnosing particularly virulent and
dangerous strains of staphylococei according to the production of leucocidin. When
preparing a toxoid and staphylococcal serum for therapeutic purposes, the strains
and also the methods should be selected not only according the titration of a toxin
but also according to the production of specific leucocidin.
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3HaveHne cTaPMIOKOKKOBOTO ajib()a TOKCHHA 1 JIef KOIUAMHA
10. MIOTAHOBCKMUIA

Pesome

Bt pazpaboran ymoOHBII MCTOI OlpejleleHUs cTaPUIOKOKKOBOTO JIeiKOTMIRHA,
CIenuPUUIecKoTo JJIA KPOBAHBIX TeJICH YeJI0BeKa, — ¢ IIOMOIIBIO juuddepeHanbHOI
OKPacKU jRMBLIX W yOurslx defikonutoB. Turp cnenm@uaecioro meitkonmmmHa 6sut
onpenenic y 476 koarysnasa-mo3WTHBHLIX IITAMMOB pa3jIMUHOTO MPOHCXO/KICHISA,
TATP ajib(a TOKCHHA — Yy D42 mTaMMOB.

V anba TOKCHHA HET Pa3HMILI B THTPE Y MITAMMOB Pa3IMYHOTO I POMCXOKICHIS.
VY cnenndmaeckoro JCHKONMIMHA MTAMMEL, BBIIEJCHHLIE B TEUCHIE IATOTOIUUCCKOTO
npomecca, o6pasyior ropasgo Gobme JTelKOMMINHEA, YeM ITAMMbL, U30HPOBAHHbIE
OT 3]0POBBIX Jull. CyIIeCTBYeT CTATHCTHYECKH 3HAYMMA KOPPCIANNA MCKILY TUTPOM
JeKOIMANHA W CePhEe3HOCTHIO 3a00IeBaHIIA, BE3BAHHOIO JAHHKIM MTAMMOM. XapaK-
TePUCTAKA MITAMMOB, BBIJICJICHHBIX OT 3[0OPOBBIX JIMI[, IIOKA3BIBAET, YTO peub UfeT
O HEOIHOPOJHOH TpyIIe, BRMOUaIEl Kak (aHajbHOe HOCHTENLCTBO MAJoOIATO-
TCHHBIX CTaMIIOKOKKOB, TAK M HOCHTEILCTBO MITAMMOB TeX s{e Ka4eeTB, KAk I IITAMMEL
UHQEKIMOHHOTO TPOUCXOKIACHES.

ITH pe3yABTATH OTKPHIBAIOT BO3MOIKHOCTH JAMATHOCTHUECKOTO OTIPEICTEHIH 0C060
BUPYJICHTHBIX M OIIACHBIX MITAMMOB CTAQHIOKOKKOB HO 00pPa30BaHMIO JCHKOIMNINHA.

Ilpn npuroroBenun BaKIUHBL U JedeGHOE MPOTHBOCTAPUIOKORKOBOH CHBOPOTKIA
HeoOXofuMO MOROMpaTh MTAMMEL M paboume IpUeMbl He TOIBKO HA OCHOBAHMHA
TATPANMu ajb(a TOKCHHA, HO M IO 00pa3oBaHUI0 CHeIMPUUECKOro JNelKOomUITHA.
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The process of acetone-butanol fermentation brought about by Clostridium aceto-
butylicum has long been subjected to detailed study by microbiologists, fermentation
technologists and biochemists. In summing up the findings, however, it is seen that
the whole process, although technologically controlled to a certain extent, has not
been so thoroughly investigated from the microbiological and biochemical point of
view as many other fermentation processes. This is due mainly to the experimental
difficulties of fermentation on a laboratory scale and to its complexity, involving
qualitative changes in the organism in the course of fermentation.

After a great deal of research work on the general laws of living Nature, Soviet
investigators began to study the physiological development of microorganisms.
In this connection they tried to resolve several questions of successive stages of
acetonebutanol fermentation. This was chiefly done by Jerusalimsky (1946, 1951)
who dealt with the physiology of butyric acid bacteria and of Cl.acetobutylicum,
which produces neutral solvents.

So far nothing is known of the conditions causing the transition of a culture
of COl. acetobutylicum from the first stage to the second stage of fermentation, or of the
causes of the changes in the physiological properties of the organism. In the world
literature, with the exception of Soviet literature, no particular attention has been
paid to this problem. The above mentioned communications of Jerusalimsky
explained these changes on the basis of individual development during fermentation
of the culture.

The subject of the present study is this transition from the first into the second
stage. At the same time attention is centred on the conditions and state of the
.external environment and on the state of the culture producing fermentation.

Materials and Methods

In our experiments an industrial culture of Cl.acetobutylicum,strain Ca 3, isolated by Dyr in 1946,
was used. Stock cultures were prepared on a mixture of one part soil and one part sand. Before sealing,
the tubes were dried over calcium chloride; they were then sealed with paraffin wax and stored in
a refrigator at 4° C, Vegetative seed cultures were taken from the same stock for all experiments.

The experiments were carried out on a complex fluid medium, a modification of Speakman’s mixture
of salts: K,HPO, 0.19%; MgSO,.7H,0 0.02%,; FeSO,.7H,0 0.001%; MnSO,.4H,0 0.001%;
NaCl 0.001 9. To a 750 ml. solution of these salts 200 ml. of tuber water from 120 g. potatoes, 40 g.
glucose, 4 ml. yeast autolysate according to Weitzmann and 5 g. corn-steep (559, dry weight) were
added. The volume was made up to one litre.

The tuber water was prepared from potatoes in the following way: The juice of finely grated potatoes
was removed by pressing and the press cake washed with water and pressed repeatedly. The tuber water
.and the washings were mixed. The starch was removed by centrifuging, the heat-precipitable proteins
by heating in a water-bath for 30 minutes and by centrifuging. The clear brown liquid was used for
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preparing the medium, the pH of which was adjusted to 6.0 before sterilization. The medium wa s
autoclaved under a pressure of one atmosphere for 30 minutes, then rapidly cooled by a stream of cold
water to 35— 38° C and immediately inoculated from a 20-hour-old vegetative culture. The volume of the
inoculum amounted to 29 of the final volume of the medium.

A test-tube containing potato mash to which & small amount of soil and sand had been added was
used in preparing the inoculum. The test-tube (16 x 180 mm.) was subjected to heat shock for 120 sec-
onds, cooled and incubated at 37 —38° C. Samples were taken during the fermentation by means of
a glass rod extending into the medium and with an overpressure of sterile carbon dioxide.

Butanol and ethanol were estimated by the method of Johnson (1932), acetone by the iodometric
method of Goodwin (1920). Butyric and acetic acid were determined in the alkaline residue following the
distillation of neutral products in the same way as butanol and ethanol but omitting the oxidation
process. A solution of 73.4 g. K,S80, in 1000 ml. 5N H,80, was added to the samples in the distillation
tube, instead of the oxidation agent. The distillation constants for butanol and ethanol were experi-
mentally determined for purposes of calculation by the method of Johnson (1932). Glucose was estimated
by the method of Shaffer-Hartmann (1921). The solids of the microorganisms were determined by centri-
fuging 25 ml. of the culture medium, washing with distilled water and drying at 105° C.

Titratable acidity was determined by titrating 10 ml. of the centrifuged medium with 0.1 N KOH,
with phenolphthalein as indicator. .

pH values were measured by means of a quinhydrone electrode on a Multoscop II electronic pHmeter.
The redox potential was measured by means of a platinum electrode on a potentiometer, with a galvano-
meter as a zero indicator (L. Schildknecht, Zurich). A saturated calomel electrode served as the standard
electrode. The measurement was made at
30° C. When taken from the fermentation
vessel the samples to be measured were
already covered with a layer of compact
foam which prevented contact of the liquid
with the air.

124

Results

The experimental part of the pre-
sent work was commenced by ob-
serving the course of the fermenta-
tion curves for the culture of Ca3
grown on the medium described. It
was essential to find out whether
the course of cultivation and the
end-products were similar to those
with a natural medium. The results
oto of one of the experiments are given

in fig. 1. The 60-hour fermentation

Fig 1. Fermentation Curves for Cl. acetobutylicum, strain time does not exceed the usual time

Ca 3. Curves: 1 - gas, 2 - butanol, 3 - acidity, 4 - ace- for laboratory-scale experiments

tone, 5 - glucose, 6 - ethanol. Ordinate: hours of with small volumes. The curve for
fermantation, abscissa: I - fermentation gases 1/1 me- . s 3: . :

dium, II - acidity, III - glucose mg/ml., gIV - néutral titratable . aCIdlty ’ ﬂ.l ustr:atmg the

solvents mg/ml. +4 accumulation of organic acids, mostly

. volatile, had a normal course with

two inflections. The total yield of

solvents in actual production is approximately 329, calculated by the sugar fer-

mented. In our case, after correcting for the products introduced with the inoculum,

the yield amounted to 30%, calculated by glucose fermented.

The positive results of this experiment enabled investigations to be carried out on
the differences in the metabolism of Cl. acetobutylicum in the first and second stages
of fermentation. These differences can be estimated only approximately, from the
course of the acidity curves and of those of neutral products.

From the differences in the results of analysis of the culture media before and after
mcubation, information on the biological activity of the culture was obtained in

A/ L SR AU S S e s e
6 10 W 18 22 26 230 34 38 42 416 50 52
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Tab. 1. Effect of the Age of Culture on Metabolic Product Formation

Age of culture 10 hr. Age of culture 24 hr.
Mg./ml. before after . before after .
incubation | incubation difference incubation incubation difference
Glucose 30.40 22.65 — 7.75 20.90 13.87 — 7.03
Acetic acid 2.44 2.19 — 0.25 2.14 2.58 4+ 0.44
Butyric acid 0.62 2.35 + 1.78 0.62 0.01 — 0.61
Butanol 0.18 0.80 + 0.62 2.66 4.14 + 1.48
Acetone 0.19 0.27 + 0.08 0.90 1.35 + 0.45
Ethanol 0.55 0.79 + 0.24 0.92 1.74 + 0.82
Acidity 2.80 — — 3.25 - -
Bact. solids — 4.65 — —_ 5,65 —

a very short time; in this way the factor of a continuous change of metabolism in the
transition from the first stage to the second stage was eliminated. A comparison of
the data for biochemical activity in the first and second stages is given in tab. 1.
From this table it follows that the cells of C. acetobutylicum differ at various stages
of fermentation in their metabolic products, especially in the proportion of butyric
and acetic acid.

The authors were greatly interested in the environmental conditions of the culture
during its development, which assimilates and changes the medium by means of its
metabolism. It was decided to influence or alter the individual variables of the
medium and thus ascertain the conditions which cause (or contribute to) transition

of the culture into the second, productive,
¢ o stage of fermentation.

0y s A series of similar experiments was

] undertaken in which a study was made of
a1 4] [ the values of the redox potential and pH,

1 L J7["*° the formation of acids and the develop-
%11 2 T°[*"™  ment of bacterial substance in the first
wel 2 3 j :o and second stage. The inflection in the
' ot [, CUIVE of titratable acidity was taken as
w2l s A indicating the transition to the second
“1't stage of fermentation. Flasks, each con-
oo taining 1,500 ml. of fluid medium, were

& 2 & 20 24 28 o inoculated with 30 ml. of a 20-hour vegeta-
_ ] tive inoculum. The titratable acidity, pH,
Fig. 2. Correlations between the environmental Eh and the bacterial drymatter were estim-
conditions and the growth of Cl. acetobutylycum. d during f s
Curves: 1 - acidity, 2 - bacterial solids, 3 - pH, &ted during fermentation. The course and
4 - En (30°). Ordinate: hours of fermentation, correlation of the curves shown in fig. 2 are
abscissa: I - bacterial solids mg/ml., II - acidity,  in full accord with the other parallel experi-
III - pH, IV - Eh (30°). ments. In every case a change in titratable
activity occurred between the 12th and 16th
hour of fermentation. This is also in agreement with the pH curve, which, after an
initial fall, is maintained at the same value during the second stage. The Eh curve
falls rapidly during the first hours to negative values and reaches the minimum
before the acidity curve reaches its peak. In the subsequent course of fermentation
it rises only slowly. The course of the curve for bacterial dry matter is very interest-
ing. In every case it had a relatively sharp peak and always reached a maximum
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before the sharp change in the acidity curve. This means that the bacteria proliferate,
and the bacterial matter increases, only in the first stage of fermentation. No great
changes, capable of altering the physiological activity of the culture, occurred in the
other variables measured, apart from the curve for the solids and titratable acidity.

It was necessary to ascertain whether the transition of the cultures into the second
stage depends on the accumulation of a certain quantity of free acids or whether the
formation of neutral solvents begins, for reasons of energy, only when the culture

L oo

06
I+ 300
04 4 F+200
[+ 100

02+

T— — o ——
NLAN T N
T —T

= 100

o4 0

6 10 14 1@ 22 26 30 33 6 10 % B 22 26 30 33
Fig. 3a. Control. Fig. 3b. Formed acids neutralized by calcium
carbonate.

Fig. 3a and 3b. Effects of Bacterial Solids and Titratable Acidity on the Transition of Cl. acetobutylicum into

the “‘reducing’” Stage. Curves: 1 - acidity, 2 - bacterial solids, 3 - pH, 4 - Eh (30°), 5 - acetone. Ordinate:

hours of fermentation, abscissa: I - acetone and bacterial solids, mg/ml., IT - acidity, III - pH, IV - Eh
(30°).

ceases to synthesize living matter and to proliferate. In order to do this the course
of the curves for titratable acidity and bacterial solids were dealt with separately in
the next experiments by neutralizing part of the organic acids formed in the early
hours of fermentation. In the first experiment sodium carbonate was used, which
was added three times during the first ten hours of fermentation. In further experi-
ments a slight excess of calcium carbonate was added, which takes up the fatty acids
being formed until approximately the tenth hour of fermentation. The results of both
experiments were indentical.

The results of the experiment with the neutralization of the acids being formed
by means of an excess of calcium carbonate are given in fig. 3a and 3b together with
the controls. In this experiment the formation of acetone was observed as the
typical metabolic product of the second stage, as shown above. In this experiment
a correlation was demonstrated between the value of titratable acidity, the growth
of the organism and acetone formation. In the control experiment, the formation
of acetone started when the amount of solids had reached a maximum, i. e. at the
time when volatile acids were still increasing in the medium. From this alone, it
could be deduced that the inflection in the acidity curve did not synchronize with
the transition phase. This deduction is supported by the correlation of these values
during fermentation, in the initial presence of calcium carbonate. In this case, the
break of titratable acidity occurred in about the 26th hour, whereas the curve for
solids reached its height between the 14th and 18th hour. Acetone formation, typical
for the second stage of fermentation, starts from the 14th hour and is obviously
dependent on the transition of the culture into the stationary stage.
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Discussion

In the present work the correlation between the growing bacterial matter of
Cl. acetobutylicum, the change in the reaction of the medium and the production
of oxidized and reduced forms of metabolites was investigated. Attempts were made
to determine the conditions required for the transition of cultures from the first
“acid” stage to the second productive stage, chiefly for large scale production.
From the biological activity of the culture in the first and second stage a picture
was obtained of the changes in the microorganic enzyme system during fermentation.
If acetic acid is taken as a butyric acid precursor (which has been demonstrated in
a number of papers, Wood, Brown and Werkmann 1945, Davies 1942), it is obvious
that the accumulating acetic acid is the principle metabolic product of the early
hours of fermentation. As late as the tenth hour the ratio of aceticacid to butyric
acid is in favour of acetic acid; at this time, however, acetic acid is rapidly converted
into butyric acid, as seen by the decrease in the total amount of acetic acid and the
considerable increase in butyric acid after the two-hour incubation of a concentrated
culture. The other path of acetic acid conversion, i. e. to acetone, is very slow at this
stage. Butanol and ethanol production, however, takes place to a certain extent
before the break in the acidity curve. In the second stage of fermentation, neutral
products, especially butanol, are formed in larger amounts. Consequently butyric
acid formation is more rapid than that of acetic acid. Onthe other hand acetic acid
accumulates offering a source for acetone or ethanol formation. It is evident that
acetone is the only characteristic product of the second stage. Ethanol and butanol
were produced even in the first “‘acid” stage of fermentation but only in small
amounts. The increasing production of acetone is the indication of the transition of
the culture from one stage to the other. Our experiments with the neutralization
of acids accumulating in the first stage show that the amount of free acids and
consequently, to a certain extent, even the change in pH values are not decisive for
the transition of the culture to the second stage. Changes in pH, if sufficiently great,
may exert a considerable influence on the rate of the individual partial reactions.
The changes actually measured in pH values cannot, however, account for the
appearance of the ability to form acetone in the second stage of fermentation. The
same applies to the redox potential; changes in this seem to be associated with the
rapid proliferation of the microorganisms, as suggested by Hewitt (1950). The redox
potential is, for strict anaerobes, rather a limiting factor in the early hours of growth
in a fresh culture medium. The cause of the change in metabolism is, therefore, not
the shift in the balance of enzymatic reactions converting the central metabolic
products of CI. acetobutylicum (according to recent findings, acetic acid and its active
form) into butyric acid or acetoacetic acid. For this reason attention was directed
to the proliferation of the culture, where the course and, in particular, the termin-
ation of the logarithmic phase, was synchronous with the time of transition and the
commencement of acetone production.

In earlier work of Peterson and Fred (1932) and more recent work of Jerusalimsky
(1946) the curve of the number of microorganisms in the course of fermentation, was
plotted. Hitherto, however, the growth of micro-organisms has not been considered
in causal relationship to the stage of acetone-butanol fermentation.

Summary

Studies in the physiological activity of CI.acetobutylicum in the first and second
stage of acetone-butanol fermentation showed acetone to be the product characteris-
ing the transition of the culture into the production stage.
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The transition into the second production stage follows the completion of prolif-
eration and the growth of cells in the culture, independent on the accumulation
of free acids in the medium.

The change in the curve for titratable acidity, generally associated with the
transition into the second stage, is, according to the experimental results presented,
due to a change in the physiological activity of the culture after the completion of its
growth and proliferation.
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ITpoxgywrer 06Mena Bemjects B Tedenne pocra Clostridium acetobutylicum

1. IBIP n 10. IPOTUBA

Pesome

B macrosmeil patore Mbl HCCIEIOBATH COOTHONICHMS MCHKLYy POCTOM M PABMHO-
sreameM Murpoba Clostridium acetobutylicum, wameneHmAMu yeaoBmit cpepnt
un o0pasoBaHueM OKICJIEHHBIX M BOCCTAHOBJIEHHBIX QopMm MertabosuroB. Mer c¢rpe-
MAJNCH OLPEfeTUTh YCJOBHUs, HeoOXoammble iisi liepexopa Kyabrypst Cl. aceto-
butylicum or 1epsoil, «xkucsoiy, Ko BTOPOH, «BOCCTAHOBHUTEIBLHOWY, dase amero-
OyTaHOJIOBOIO OposkeHHA.

MN3yauB ¢ TOMONTBI0 KOHICHTPUPOBAHHOH B3BecH MUKPoOa OHOXHMUUCCKYIO
JAeATeAbHOCTH RYIBTYPHL B Pa3/MuHBIX ¢azax OPOKCHUsI, MBI HOJIYIUTM RAPTUHY
WAMCHCHUIT cneTeMbl ero 3u3nMon. M3 pesynsratoB ONBITOB OUEBHIIO, 9T0O B TCYCHUC
UCPBBIX 4acoB OpOJReHHA Pe3yibTaToM OOMEHA BEMICCTB ABIACTCH IPC/RIC BCCTO
HaRONJNCHUE YKeYcHOR wueidoTst. [Tospnee, Ho eme jo lepexoma KyJIBTYPH K «BOC-
¢TAHOBUTCJBHOWY ¢aze, YKeycHAs KHUCIoTa OBICTPO lpeBpamaercs B MacIdalyIo,
YTO NP HAMMX ONBITAX UPOABIAIOCH S3HAYUTCIBHOH YOBIIBIO YKCYCHOH KHCIOTbI
I yBeJIMYEHMCM ROJHUCCTBA MACAAHON KUCITOTHL B TCUEHUC 2-4acoBoil MHRYOAHMU
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KOHIeHTpUpoBaHHOil BaBecH 10-4acoBOil KYNbTYPH MUKPOOA. Bropo#t cnocob mpe-
BpAllleHusl YKCYCHOM KHCIIOTH — €e IPeBpamieHne B aleTOH — OCYMIeCTBIANICH
TONBKO BO BTOPOil dase OJHOBPeMeHHO ¢ 00pa3zoBaHUeM 3HAUUTENBHBIX KOJIMIECTB
Gyrasosna u sraHosa. V3 pesynbraTa OHBITOB BEITEKAeT, YTO €/INHCTBCHHBIM TIPO-
NyKTOM, XapakTepuaymomuy oomen semects y Cl. acetobutylicum Bo BTOpOIH ¢ase
6posxeHNs, ABIAETCA ANETOH.

Tlpu HeliTpasM3amul KUCIOT, CKOIIAIONIMXCA B TedeHue IePBOi fassl Oposenus,
MBI TOJTYYH/IM TAKAe B3AUMOOTHOMEHHA OTARJBHBIX MCCIeyeMblX BeJMIHH, KOTOPBIC
JIOKA3HBAIOT, YTO TPUYUHON WH3MeHeHHA MerTaboimaMa HpU Hepexolie KyJIbTYphl
BO BTOpyio (asy GposkeHMs He SIBIAETCA MPOCTOS U3MEHEHNE CKOPOCTel MpOTeKAHUA
OTTeIBHBIX PeaKiyii TpeBpalleHs NEeHTPATbHOTO NpPOAyKTa oOMeHa BemecTs
Cl. acetobutylicum (mo HOBelmuM B3IJIAJLAM, YCKYCHAdg KUCJIOTA WM €¢ aKTHBHAA
$opma) B MaCIAHYI0 UM AMETOYKCYCHYIO KHCJIOTY.

[loaToMy MBI COCPEOTOYMIIM CBO@ BHUMAHME HA POCT U Pa3MHOKEHME KyJbTYPLI;
redeHMe W B 0COBEHHOCTH OKOHYaHMe Jorapudmudeckoil gassl 0TBedaso (Ipu HAMNX
OTIBITaX) BpeMeHH Tlepexofia 0T Oj(HOt gassl K APyroit i Hadasna 00pasoBaHUSA aNeToHa.
M1 floTiaraeM, 9T0 IPUYMHOM HAKOIICHHS SHePIeTHYeCKH GOIHEIX BellecTB (OKHCIIeH-
Hele GopMbl) B Teuenue neppoii dassl GporKeHUs ABIACTCA NOBHINEHHOS norpebneHne
JHePTMM [JIA CHWHTEe3a KIETOYHOTO BemlecTBa, KOJMYecTBO KOTOPOro B TedeHue
«KHCI0i ass Gposenns Bospacraer jorapudmudeckn. TosbKO nocse OROHYAHUA
Pa3MHOKEHHA U POCTa KYJIbTYPHI HACTYAIOT H3MEHEHUs B OOMeHe BellecTs ¥ BTOpasd
paza Gposkenmsi, XxapakTepusylomasacs o0pasoBaHWeM BOCCTAHOBJICHHEIX Merabo-
JIATOB, TUJIOBOTO cHUpTa U OyTaHoma.

[109TOMY I7IaBHEIM YCJIOBMeM YCIENIHOCTH AaleToH-6yTaHoI0Boro Gpo)keHus Mu
cyuTaeM obecledeHye ONTAMANBHBIX YCJIOBHA JjiA OBICTPOrO pasBUTHA KYIBTYPH,
B OCOGCHHOCTH jKe OTGOpP AKTHBHHIX, OBICTPO DPa3MHOKAONIMXCA IPOXYKTHBHHIX
mrammoB Cl. acetobutylicum.

23

’

Approved For Release 2008/04/10 : CIA-RDP80T00246A002900500011-3



Approved For Release 2008/04/10 : CIA-RDP80T00246A002900500011-3

FOLIA BIOLOGICA

Tom. I1I. (1957) — Fasc. 1.

The Influence of Ions on the Formation of Protease by the Actinomyces
Streptomyces griseus

J. CHALOUPKA
Institute of Biology, Czechoslovak Academy of Science, Department of Microbiology, Praha

Recerved October 20, 1956

Ions are important regulators of metabolic processes. They may activate or
inhibit enzymes and influence permeability, etc. Biologically, the most important
cations are K+, Mg?*, Ca?+ and Fe?*. Potassium and magnesium ions are essential
in the formation of protein and growth processes (Cannon et al. 1952, Frost and
Sandy 1953, Foster and Heiligman 1949, Friedman and Fox 1954, Webb 1948, 1949,
1953). Investigations were made to ascertain whether it is possible to influence
growth of a culture and the formation of protease by means of the various ions which
are a normal component of the nutrient medium.

Material and Methods

The culture, method of cultivation and of measuring proteolytic activity in the culture fluid and the
dry matter have already been described in a previous communication (Chaloupka 1956a, b).

Culture media: Waksman medium B (WB, containing ions K+, Na*, Mg2+, Ca2t, Fe?t and Zn2t).

Standard Z media, composition: peptone 29, glucose 2%, acid ammonium phosphate (separately
sterilised) 0.19,. Medium Z 1/2, containing 1.09, peptone, 1.5%, glucose and 0.19, ammonium
phosphate. The nutrient media were sterilised twice at 110° C and the pH at the commencement of
-culturing was 7.1 —7.3.

The ions under investigation were always used in the form of chlorides (with the exception of Fe? ™,
where FeSO, was used) and were always sterilised separately. The reagents were always analytically pure.

Methods. In long-term experiments, 48-hour-old cultures of actinomyces grown on a Z standard
medium were inoculated into a Z 1/2 medium containing the appropriate amount of ions, in amounts
of 1.0 ml./100 ml. nutrient medium in 500 ml. flasks. The flasks were then incubated on a shaker and the
dry substance and protease activity in the culture fluid and in the cells were determined at given
intervals.

In short-term experiments, & 48-hour-old culture grown on a Z medium was centrifuged, washed with
water and suspended under aseptic conditions in water or in a nutrient solution containing the requisite
ions. In order to ensure sterility, 300 units of penicillin G and 100 units of streptomycin per ml. were
added; enzyme production was not affected by the presence of the antibiotics. The flasks containing the
suspension of actinomyces mycelium were incubated for 24 hours on a shaker. Before incubation enzy-
matic activity was determined in the mycelium, after incubation in the supernatant fluid and in the
mycelium.

Determination of the activity of protease in the mycelium: 10 ml. myecelium suspension were centrifuged,
washed with distilled water and suspended in 0.5 ml. of 5.10-3M solution of CaCl, to stabilise the
enzyme. On the surface of the suspension 0.5 ml. toluene was added. The test-tubes were then stoppered
and placed in a thermostat at 28— 30° C. Autolysis took from 1—3 days, according to the age of the
mycelium. Autolysis was always carried out in a number of parallel specimens, which were stopped at
given intervals. The toluene was carefully drawn off and the autolysate made up to the original volume,
or half the original volume with distilled water. Proteolytic activity was then measured in these speci-
mens by the usual method. The criterion for completion of autolysis was the reaching of constant protease
activity in the autolysate. When determining the increase in activity following 24 hours’ incubation, the
values of activity in the supernatant fluid and in the mycelium were added, calculated to 1 mg. dry
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substance or 1 ml. suspension and the value of activity in the mycelium prior to incubation substracted.
The values of proteolytic activity are the averages of 4—8 determinations; the values of dry weight
are the averages of two specimens.

Results

We first investigated the extent to which the ions being studied with reference to
their influence on the formation of protease, might influence the activity or stability
of protease and thus distort the results. K+ and Na+ had no effect on enzymatic
activity or stability, even in a concentration of 1.10"1 M. Mg?+ had no effect on
stability; in a concentration of 1.1072M it reduced activity by about 179, but
a concentration of 1. 10-2M had no effect. Ca2+ significantly stabilised the enzyme;
in a concentration of 10~2 M it reduced its activity by about 30%,, but a concentration
of 1.1072M had no effect. The ions Fe?+ and Zn2?+ reduced activity and stability of
the enzyme, even in a concentration of 1. 10-3 M.

When studying the influence of ions on the production of protease, a combination
of long-term experiments (five days) and short-term experiments (24 hours) was
selected. The results of the long-term experiments (figs. 1, 2 and 3) are expressed
in maximal activity (always reached on the fifth day) in relation to 1 mg. maximal
dry substance (two-day-old culture). The values of activity are the sum of activity
in the supernatant fluid and activity in the cells.

8
"
; b
I
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o\/o\/O/o o) o
2r “r
3t
i
1 2r
1+
1 1 I ! ! 1 | 1 1 1 1
HZO -5 -4 -3 -2 -1 H20 5 -4 -3 -2 -1-
Fig. 1. Influence of Nat on growth and forma- Fig. 2. Influence of K+ on growth and forma-
tion of protease. tion of protease.

2: log. of concentration of ion. y: dry substance in mg./1 ml. (I); activity in a.10—3 mEq. tyrosine
to 1 ml of the medium (II).

These results can only be in the nature of a guide, as considerable inactivation
of protease occurred in the course of the experiment. Of the ions under investigation,
the most significant in their influence were the potassium ions, which increased both
growth of the culture (dry substance) and also the formation of protease in con-
centrations when the maximal amount of dry substance had already been reached
and increased no further. The ions Zn?t and Fe?+ did not affect formation of the
enzyme in concentrations lower than 1.10-3 M. In higher concentrations they
inactivated the enzyme.
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Fig. 3. Influence of Mg?! on growth and form-
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Fig. 4. Influence of ions on formation of prote-

ase in distilled water. Black columns: activity

in cells; white columns: activity in supernatant
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dry substance.
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Fig. 6. Influence of K1 on short-term formation

of protease in the presence of peptone and pep-

tone + glucose. P: peptone; G: glucose; K: K+

ions. y: activity expressed in a . 10-3 mEq. tyro-

sine to 1 mg. dry substance is the sum of activity
in the cells and in the supernatant fluid.

T

These long-term experiments were supplemented by short-term experiments,
in which the production of protease was studied during incubation in distilled water
(fig. 4) and in the presence of nutrients (fig. 5). In these experiments the concentration
of the ions was 5. 10-2M. The results are expressed as the increase in activity per
1 mg. dry substance. In incubation in distilled water (fig. 4), the decrease in dry
substance was the same in every case, but the production of protease was stimulated
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by Na+ and K+ by approximately 1009, as compared with the controls. The effect
of the calcium ions can be explained by their stabilising action; magnesium ions had
no effect. In the presence of nutrients, the production of protease was stimulated
only by potassium ions, which increased the enzyme content by more than 100 9%,
as compared with the controls. In these short-term experiments magnesium ions did
not increase enzyme production.

It is evident from all the above experiments that potassium ions have the most
profound effect on growth and on the formation of protease by the actinomyces, as
they increased both growth and production of the enzyme. It i s a well-known fact
that K+ interferes very significantly in the metabolism of sugars by stimulating
some of the processes associated with aerobic glycolysis (Ashford and Dixon 1935,
Farmer and Jones 1942, Buchanan et al. 1949, Hastings et al. 1952, Rothstein and
Demis 1953). An investigation was therefore made in our experiments (fig. 6) to
determine whether potassium ions interfere in and specifically and directly influence
proteosynthesis, or whether they act indirectly via glucose metabolism. The myce-
lium of Streptomyces griseus was therefore incubated, partly in a mixture of glucose
and peptone and partly in a peptone solution only, always in parallel specimens with
or without KCl in a concentration of 5.10-2M. The potassium ions significantly
stimulated the formation of protease only in the presence of glucose.

Discussion

The formation of protease by Gram-positive and Gram-negative micro-organisms
is stimulated by ions, in particular by Ca?+ and Mg?+ and in the case of Bacillus
subtilis by Mn2+ (Merill and Clark 1928, Haines 1931, Stockton and Wyss 1946).
The action of calcium (Gorini 1951) consists chiefly in stabilising the enzyme rather
than in increasing its production. In our own experiments, Mg?+ ions alone had
a weak stimulating effect or no effect on the formation of protease by the actinomyces
Streptomyces griseus. Potassium ions, on the other hand, had a very marked influence
on growth of the culture and on the formation of protease. Their stimulating effects
on the amount of dry substance was manifested in a substantially lower concentra-
tion than their action on formation of the enzyme. The literature contains many data
on the action of potassium ions on metabolism, many of which have no bearing on
one another or are at variance with one another. K+ is also an essential biogenic
element for Streptomyces griseus (Acker and Lechevalier 1954). Its action interferes
in practically all metabolic processes. It influences the assimilation of amino acids
and proteosynthesis (Cannon et al. 1952, Frost and Sandy 1953, Davies et al. 1953
Folbergova 1955), fixation of free nitrogen (Fedorov 1950) and the formation of
purines (Friedman and Fox 1954). A lack of potassium causes morphological
changes in the nuclear apparatus (Fink 1950). The primary action of potassium,
however, probably consists in its influence on sugar metabolism (Farmer and Jones
1942, Barinova 1948, Hofmann and Schenck 1950, Sen and Sankhala 1953). K+
penetrates the cells of micro-organisms only in the presence of hexose, in contrast
to Nat (Leibowitz and Kupermmtz 1942, Cowie et al. 1949) and is probably bound
in the cells as a hexosophosphate salt (Roberts et al. 1949). It is an activator of
phosphorylation enzymes (Boyer et al. 1942, Bergmann et al. 1954), mediates the
formation of metaphosphate in yeasts (Schmidt et al. 1949) and is essential in the
synthesis of glutathione from y-glutamylcysteine and glycine combined with
a shift of P from ATP (Snoke et al. 1953).

Our experiments investigating the influence of K+ in the presence of glucose and
peptone on the formation of protease provide evidence in support of the conception
that the action of potassium on proteosynthesis is associated with its influence on
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sugar metabolism. Potassium ions increased production of the enzyme almost
always only in the presence of glucose (fig. 6). Onthe basis of experiments investigating
the influence of ions on the formation of protease without the presence of external
nutrients (fig. 4), it is possible, however, to take the view that this mechanism is not
of necessity the only one. Since in this case production of the enzyme was also
stimulated by Na*, whereas Mg?+ and probably Ca?+ did not affect it, it appears
possible that in this case the action of the ions primarily took the form of influencing
the permeability of the cells. This is borne out by the fact that in these experiments
increased secretion of the enzyme into the medium occurred chiefly as a result of the
influence of Na*. It is possible that more intense diffusion of the enzyme from the
cells caused a fall in its level in the cells and thus indirectly made further synthesis
possible.

Summary

A study was made of the influence of various ions on growth and on the formation
of protease by the actinomyces Streptomyces griseus.

Growth of the culture, determined by the amount of dry substance, and production
of the enzyme are significantly stimulated by K+ ions. The concentration of K+
required for producing an increase in dry substance is lower than the concentration
required for affecting the production of protease.

The action of potassium ions probably consists in the way in which they influence
sugar metabolism, as their action is dependent on the presence of glucose, in addition
to a source of amino acids. Under the conditions of short-term production of the
enzyme without the presence of external nutrients, Nat increases the formation of
protease as well as K+. In this case it is possible that the action of both ions is related
to the way in which they influence permeability.
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Bansinue nonos Ha 06pazoBaHme IpOTeas3sl IYYUCTHIM IPUGKOM
Streptomyces griseus

0. XAJTOVIIKA

Pesome

C TOMONBIO UMTEIBHBIX U KPATKOCPOUHBIX ONBITOB MBI UCCHeIOBAMIM BIUsIHIC
PasnyYHbLIX MOHOB HA pocT M o0pasoBanue 1PoTeassl y akTHHOMEIeTa Streptomyces
griseus. Mpl 0TMeYalu yBelMueHMe aKTWBHOCTH HPOTea3hl KAK B KYJAbTHBAIHOHHON
FRUAKOCTH, TAK ¥ B MULCJUINK JIY9NCTOr0 TPUOKa, paspymasn ero IyTeM CTepuJIbHOTO
aproymsa B npneyrerBur woHoB Ca’t, jeicTBYIOIMX KaK CTaONIAMBATOP DH3UMA.
llpu KpaTKOCDPOYHBIX ONBITAX MBI LEHTPMYIHPOBAIIM M OTMBIBAIM 4S-uacoBbIil
MUIICIUIHIT ¥ MHKYOMpPOBanu ero B BOfe MJIM B NUTATeNbHOM PACTBOPC Ha KayallKke
B MPUCYTCTBAM NEHMIIVIIMHA M CTPCHTOMUTIMHA, KOTOPHE HC BJIMAJIM Ha 06paso-
BaHWe DH3WMA, HO NPEAyNpPE/KIAIu BO3MOJKHOCTH 3apayKeHus.

Mut wzyvasm pmmanue Na+, K+, Mg?+, Fe?t u Zn2+. HaunGonee 3mauntembHoe
BJIMAAHNE OKA3hIBAJM MOHBI KaJusl, KOTOPHE 3aMETHO CTHMYJMpPOBalM KaK PocT,
TaR ¥ JIPOJYKIMIO NIPOTEA3Hl, — M B HPUCYTCTBHY IUTATCALHBIX BCINECTB, U 0C3 HUX
(mpu kparkRocpoyHOM onmite). Ha poct Bimsiia yike Topasjo Gosee HMZKAA KO-
TPamusA HOHOB, YyeM Ha o6paszoBanne sH3uMOB. Crumysmpyloniee feitcTsue K + na ofpa-
30BaHMC NPOTeasbl CBA3AHO, BEPOATHO, C ero BIMAHUEM HA MeTaboJiM3M YIIIeBOJ0B,
TaK KaK OHO HPOABJIACTCH TOJBKO B LPUCYTCTBUM TIVTIOKO3BI (HapAdy ¢ MCTOYHHKOM
AMUHOKHCIIOT). B ycnoBAX KPaTKOCPOYHOTO CTUMYIUPOBAHUA HPOLYKIMM DH3WMA,
0e3 npuGaBleHWss NHTATEJbHBIX BeECTB, OO0PA3OBAHIe 1IPOTeashl MOBBIIIACTCS,
wpome K+, u wop mausmmem Na+. [leficTBUe 000uX HOHOB 00YCIIOBIICHO B 3TOM
tJIydae, BEpOATHO, MX BIHAHUEM Ha NpoAmmaemoctb. Vous Mg?+ me owasmBaioT
CKOJIBKO-HNOY/Ib CYIeCTBEHHOTO BIMSHWA Ha o0pasoBanue 9H3UMA, HOHBL Fe?t
1 Zn®* B xonuentpanuu Hmke 1 . 10-3 M He mMeioT BimsaHUs, a B 60Jee BHICOKNX
KOHIEHTPANMAX WHAKTHBUDPYIOT I1IPOTCA3Y.
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Photoreactivation is a phenomenon in which organisms irradiated by UV light
suffer less damage if sufficiently exposed to visible light. Prat (1936), in a detailed
paper, drew attention to the antagonistic effects of various types of radiation
(v. also Prat 1950). More recently, Kelner (1949) observed photoreactivation in spores
of Streptomyces griseus inactivated by UV radiation. Almost at the same time
Dulbecco (1949) observed photoreactivation in bacteriophage of the group Esche-
richia coli which had undergone UV irradiation. He did not succeed, however, in
ascertaining whether phage irradiated by X-rays was capable of photoreactivation.
It was not until later that Dulbecco (1950) and in particular Watson (1950) found
that bacteriophage irradiated by X-rays can be photoreactivated. The degree of
reactivation, however, is small. .

Latarjet (1951) observed that induction to phage formation caused by X-ray
irradiation can be reversed by photorectivation. The cells of B. megatherium (lyso-
genic strain) easily release phage following irradiation with a dose of 25,000 rep
(wave-length 0.9 A, 33kV). If, after irradiation, they are sufficiently exposed to the
light of a 500 W lamp (10—30 mins.) induction does not occur, phage does not
appear and the bacteria continue to grow, although at a slower rate.

The present experiments were aimed at ascertaining whether it is possible to
photoreactivate bacteria in which division has been halted by X-rays. It was evident
beforehand that the degree of photoreactivation would not be high, as the processes
which develop under the influence of ionizing radiation are completely different from
those which develop under the action of UV radiation. The starting point was the
assumption that ionizing radiation does not only evoke ionization in living matter,
but also excitation (Herdik 1956). It is probable that damage to cells which develops
on the basis of excitation could be reversed by the later action of visible light,
i. e. photoreactivation. Support for this view is found in the communication of Watson
(1950), who states that about half the energy of X-rays is dissipated in the form of
excitation, so that photoreactivation can only take place in those phage particles
which have been damaged by excitation. In the same way it may be expected that
the cells of bacteria which have been damaged by excitation in the course of
absorption of X-ray irradiation can be reactivated by visible light. It would thus be
possible to differentiate between the effect of ionizing and excitation processes in
elementary processes which develop in living matter irradiated by X-rays.

Methods

Bacteria of Escherichia coli (strains 5k and 3c) were transferred from a solid medium to broth and
diluted to a strength of 7,000— 8,000 micro-organisms/1 ml. A few ml. of this suspension were poured
into a Petri dish with nutrient agar, left for two minutes and then poured off. After drying, the surface
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of the dish was irradiated with X-rays and photoreactivation then carried out in half the dishes. The
results were read off after 24 hours’ incubation at 37° C. Survival was determined according to the
number of fully grown colonies on the irradiated and non-irradiated surface. Immediately after irradia-
tion with the X-ray tube, the controls were placed for 24 hours in the dark at 37° C. The possible effect
of reactivating light was excluded by exposing the entire surface of the Petri dish, i. e. including those
bacteria which had not been irradiated by X-ray and which served as controls.

Some of the experimental series were irradiated with a Siegbahn-Hadding tube, which was continually
exhausted by a rotary pump. A molybdenum cathode was used and the voltage was 18.5 kV at 10 mA,
without a filter except the foil on the window (Al 0.04 mm.). Irradiation was carried out at
a range of 4.7 em., with a dose of 184 r/min.—1. The second part of the experimental series was irradiated
with a Chaoul tube at a voltage of 56 kV, 3 mA, 0.15 mm Cu. The distance was 1.58 cm. and the diameter
of the tubus 1.5 em., with a dose of 864 r/min.—1. The tubus touched the surface of the agar.

The doses were measured by the compensation method with a Wulf one-filament electrometer and
a Taylor-Stoneburner chamber with an diaphragm measuring 0.42 cm. in diameter. The reliability of the
method was tested by the uranium standard. A more detailed description of the method is given in an
earlier communication (Herdik 1948).

Photoreactivation was evoked either by irradiation with a 100 W incandescent lamp at a distance
of 50 cm. for 60— 120 minutes or with a UV burner, the radiation of which was filtered through the glass
lid of the Petri dish (distance 72 cm., time of irradiation 30 or 60 minutes). Glass 2 mm. thick allows
sufficient passage for rays longer than 340 my (Meyer-Seitz 1942, p- 127). In the case of a tungsten
filament lamp, emission is recognisable only with a wave-length of 400 my, with a maximum of 700 my
(Withrow 1956, p. 159). As will be seen later, there is no difference between the reactivating effect of
a tungsten filament lamp and that of a mercury vapour lamp (filtered through glass). It may therefore
be assumned that in our case the active wave-length was 400 my.

The significance of the results was evaluated by the t-test.

Results

Using very soft X-ray radiation (18.5 kV), reactivation experiments were carried
out with one hour’s irradiation with a 100 W lamp (distance 50 cm.) and doses
of 920—5,520 r in E. coli (strain 3c). The results are given in tab. 1. For every dose,
500—700 irradiated colonies were read off. If differences with P < 0.05 are taken as
significant, the table shows that very soft radiation can be somewhat reactivated by

Table 1. Photoreactivation of the Effect of Very Soft X-ray Radiation in K. coli, Strain 3c. X-ray
radiation: 18 kV, 10 mA, 184 r. m—!, Reactivated for 60 mins. by exposure to a 100 W lamp at 50 em.

Dose Without Photoreactivated Difference P
r photoreactivation by light i
920 0.94 ‘ 0.95 + 0.01 0.4—0.3
1840 0.88 ‘ 0.92 + 0.04 0.2—-0.1
3680 0.75 ; 0.79 + 0.04 0.1
5520 0.62 ‘ 0.69 + 0.07 <0.01
I

light only with a dose of 5,520 r, corresponding to a survival of 0.62 (in the dark).
The difference in the case of smaller doses is not significant, although a certain
tendency to a lesser degree of damage of the reactivated cells may be observed here
also.

Somewhat better results were obtained with radiation at 56 kV. Using this voltage,
four series of experiments were carried out (. coli, strain 5k), with different types of
photoreactivation (electric lamp or UV mercury vapour lamp) and different periods
of photoreactivation (30—120 min.). For every dose, 1,000— 1,700 irradiated colonies
were read off.

Tab. 2 gives the results for the smaller reactivation doses (60 mins. exposure,
100 W/50 ¢cm. and 30 mins. exposure UV /72 cm.). Two doses of X-ray irradiation
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Table 2. Photoreactivation of the Effect of Soft X.ray Radiation. E. coli, strain 5k. X -ray radiation:
56 kV, 3 mA, 0,15 mm. Cu, 864 r. m—1.

A. Reactivated 60 mins. by exposure to 100 W lamp at 50 cm.
Dose Without Photoreactivated .
r photoreactivation by light Difference P
3460 0.46 0,54 + 0.08 0.1-0.05
6920 0.18 0.31 + 0.13 <£0.01
B. Reactivated by UV radiation for 30 mins. at 72 cm.
Dose Without Photoreactivated .
r photoreactivation by light S P
3460 y  0.46 0.67 + 0.18 <0.01
6920 0.18 0.27 + 0.09 0.05

‘Table 3. Photoreactivation of the Effect of Soft X-ray Radiation by Double Dose of Light. X-ray
radiation 56 kV, 3 mA, 864 r. m™1.

A. Reactivation by 100 W lamp for 120 mins. at 50 cm.
Dose Without Photoreactivated .
r photoreactivation ' by light Difference P
3460 0.42 0.39 — 0.03 0.03
6920 0.17 0.15 — 0.02 0.6—0.7
B. Reactivation by UV lamp for 60 mins. at 72 cm.
Dose Witho_ut . kV Difference P
r photoreactivation
3460 0.39 0.3 — 0.09 0.05—0.02
6920 0.15 0.13 — 0.02 0.5—0.7

were selected: 3,460 r and 6,920 r. Organisms of strain 5k are more sensitive than
those of strain 3c, which was used in the preceding series of experiments. As seen
from the table, statistically significant photoreactivation occurred in both cases.

Tab. 3 gives the results with double reactivation doses (120 mins. exposure,
100 W/50 cm. and 60 mins. exposure UV/72 cm.). In these cases photoreactivation
did not occur; on the contrary, the exposed dishes showed a lower degree of survival,
although this was not statistically significant.

It follows from the above experiments that the effect of 18 kV and 56 kV radiation
can be reversed by photoreactivation, the result being more significant in bacteria
irradiated at 56 kV. Care must be taken, however, in selecting the dose of reactivation
radiation, since large doses tend to intensify the effect of X-ray radiation rather than
to weaken it.
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Discussion

On comparing our radiation results with experiments investigating the photo-
reactivation of the effect of UV light, it is clear at first glance that in no case was
complete reactivation achieved, but only a mild increase in the degree of survival.
This result was to be expected since, as stated at the outset, the basic action of
ionizing radiation on living matter differs from that of UV radiation.

It now remains to consider whether photoreactivation of X-ray irradiation can be
explained on the basis of the original damage to the photoreactivated bacteria being
due to excitation, while the remainder were irreversibly damaged by ionization.

It is well known that UV radiation and sometimes even visible light can free
electrons from the outer electron shell. For the most part, however, only excitation
occurs, when the electron, after colliding with a weak photon, becomes excited,
remains in this state for some time and then returns to its basic state, at the same
time emitting fluorescent radiation. In radiation rich with energy, the conditions
are more complex and both excitation and ionization occur.

According to Fano (1946), the relative part of primary excitations is in inverse
proportion to the energy required for ionization of the given substance. In biologic-
ally important elements, such as O, C and N, the energy dissipated in ionization
of the inner shells is small as compared with the energy of the photon of X-ray
radiation (Sommermeyer 1952, p. 21) and therefore, particularly in X-ray radiation
with a wave-length of over 0.4 A and photon energy of less than 30 ekV, all the
energy of the photon is transmitted to the photoelectron. It might be expected that
in such cases the participation of excitation would naturally be small. Where the
wave-length is less than 0.4 A and the energy of the photon is thus greater than
30 ekV, Compton’s effect appears in ever increasing measure and at the same time
part of the photon energy is transformed into a photoelectron, while the residue is
radiated out in the form of a weaker photon. In such cases the energy of the photon is
broken up and the atoms and molecules receive a weaker amount of energy, which is
just sufficient for excitation but not for ionization. If these theoretical assumptions
are correct, then photoreactivation ought to be greater with harder radiation, in
which more excitation is present, whereas in soft radiation stimulated by a voltage
of less than 30 kV, it ought to be less. Our experiments demonstrate that this is
actually the case. This does not definitely show, however, that the photoreactivated
cells were originally damaged only by excitation. Other evidence would have to be
brought to support the assumption that radiation induced by higher voltage frees
more excitations and that these excitations have a biological effect which can be revers-
ed by photoreactivation.

Certain other circumstances are known, however, which lend support to our view.
For example, experiments with bacteriophage (Dulbecco 1955) show that the site
at which damage capable of reversal by photoreactivation appears, is the nucleo-
proteins, in particular their important component nucleic acid. This view is also
supported by the experiments of Latarjet, in which he succeeded, as already stated,
In carrying out photoreactivation in the presence of induction brought about by
X-ray radiation, i. e. at a point in the life of the cell in which the leading part is
played by nucleic acid.

How are we to explain, however, why, with soft X-ray radiation, weak photo-
reactivation makes its appearance only with higher doses of radiation? This might
be due to the fact that with a higher dose of X-ray radiation there is a greater
probability that some cells are damaged only by processes which develop as a result
of excitation and in which photoreactivation can occur. A decrease in the degree of
survival, i. e. the opposite of photoreactivation, following higher doses of visible
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light, is evidently due to the complex nature of damage by X-ray radiation. Lennox,
Luria and Benzer (1954) found that in inactivation by UV radiation and in
subsequent photoreactivation, the curves for the reversal of UV radiation have the
same characteristics, i. e. that the process is exactly reversible. It would appear that
in the case of the effect of X-ray radiation, nothing of this kind occurs (v. also
Latarjet 1951), although this could only be demonstrated by further experiments.

Photoreactivation carried out by means of an electric lamp or UV light, filtered
through glass, is approximately the same in extent, so that it cannot be said that the
radiation of short wave-lengths is more favourable to photoreactivation.

Summary

Cells of E. coli were irradiated with different doses of X-ray radiation and
a photoreactivation experiment carried out, using visible light of varying spectral
composition in varying doses.

Cells irradiated with very soft X-ray radiation (18.5 kV) can be successfully made
to undergo photoreactivation with medium radiation doses. With small doses
photoreactivation does not occur.

Cells irradiated at 56 kV can be reactivated by visible light; differences in survival
are highly significant.

Long reactivation exposure decreases the changes of survival, particularly with
reactivation by UV light filtered through glass.

Photoreactivation of the effect of X-rays can be explained by the fact that some
cells are damaged by excitation. This damage is evidently reversible by photo-
reactivation in contrast to damage by ionization, which cannot be reversed by photo-
reactivation.
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@oropeakTuBmsanusi GaxTepHil 110CJIe PEHTTeHOBCKOTO 00JIyYeHust

®. TEPUUK

Pesome

Kuerxku Escherichia coli o6nyuanuce pasnumussiMu fo3amu aydeit Pentrena, tocie
4ero IPOU3BONMIICA ONBIT KX (POTOPCAKTUBUIANMUK ¢ MOMONIBIO HIEKTPUYECKOU JlaM-
HOYKHA 1 yNBTpaduosieToBoro uaimyyaress. Hemeqmenno nocsie o0ydeHus Ha yamikax
Herpu mpomsBoMMIicA ONBIT peakTHBuaamuy mim jJamnouroil B 100 W ¢ paccrosisust
B 50 cM B Teuenme 60—120 MuH., MAM ¢ HOMOIIBK YIBTPAQUONETOBRIX JIydei,
PUITBTPYEMBIX uepes CTeKIAHHYIO KpSIIKY gamkn Herpu, ¢ paccrosuus B 72 oM npn
npojomsnTenbuoctu obiydenus B 30—60 mun. Monno nomararth, 410 B 000MX
cIIy4asX aKTWBHAS JUIMHA BOANHHL 6b1Ia 0Koio 40 mu. Yacth Gakrepuit E. coli obuy-
vasnach ¢ nomompio TPy6rm Siegbahn-Hadding-a (18,5 kV, 10 mA, 0,04 mm Al,
184 r/Mun.), BTOpas YacTh MOJOUBITHBIX cepuil — ¢ momouibio Tpy6ru Chaoul-a npu
manpsxennn B 56 kV, 3 mA, 0,15 mm Cu, 864 r/mun. [Joss obiyyenus: naMepsaInchy
¢ momomblo Kamepbl Taylor-Stoneburner-a KOMIEHCATMOHHBIM METOJOM. ITocue
Msarkoro obnyuenna (56 kV) Bo3MOMKHO pPeakTHBH3HPOBATH KICTKH ¢ NOMOIIBIO
BUJIMOTO CBeTa B ciiydae ofeux MCCiefyeMsX 703 (3460 r u 6920 r). Pasunma
B 06OmX CIlydasX OKAa3pBaeTCs BHICOKO CHUIHUQUKAHTHOMH. [limTenbHoe pearTHBu-
3UPYIOIee OCBeNIeHAe YXYIIACT YCJIOBHs BHKHBAHNS, 4TO TPOABIIAIOCH B 0CO0EH-
HOCTH 1PU PEAKTUBH3AIMY YIBTPAPUOICTOBHIMH JyUaMH, (UIBTPyeMbiMu depe:
crexno. OmeHKA CTATHCTHHYECKOM 3HAYMMOCTH Pe3yJbTATOB MPOM3BOJMIIACH TAKIKE
¢ TOMOIIBI0 TIPoOHl. DOTOPEaRTUBUBAIMIO TTOCIIe 00PabOTKY PEHTTeHOBCKAMHU IIyYaMu
MOJKHO OOBHCHUTH TeM, YTO HEKOTOPHe KIEeTKU ObIBAIOT HAaPYIIeHBl SKCIATAIMEH.
Takoe HapyiIenue, HOBAAMMOMY, JOIycKaeT (OTOPEAKTHBU3ANUI, —— B OTIHYHC
OT HapYIIeHHUII B pesysbTare WOHM3ANMH, He NOjanimuxcs (OTopearTUBU3AIAM.
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PauHue nuToJiorniecKkue N3MeHeHUs aumMGOIUTAPHON 1 MUDJIOMIHON
COCTABHBIX YacTeil MBIIIMHON cejle3eHKH IocJie
PEHTTeHOBCKOTO O0JIy1eHNs

M. HPACIIUYKA n M. THJLJI

Bnopusnweckmin uncruryr YCAH B BpHo 7 T'HCTONOrMYECKO-dMOPHONOrMYECKU HECTATYT
MeInmuHcKoro gaxysnsTera yEuBepcutera B bpHo

TTocmynuao ¢ pedaryuro 19 X 1956

BMemaTesibcTBa, OKA3HBAONMe BINAHNEe Ha M3MEHEHUs] KPOBETBOPHOTO anmapara
Hocsle 06Mydenns, UMeT GONbmIoe 3HAYeHWe [UIA IATOTEHe3a M Tepamunm Jy4eBoit
Gomeanu. s MX Mccief0BaBKEA 0COGEHHO XOPOIIO MOJIXOIHT CeNe3eHKa, CONepHa-
mas TEMPOMAHYI0 U MHAJIOBAHYIO COCTABHBIE YACTH, — HACTOJBKO TyBCTBATENLHLIS
K 00ydennio, uTo GOJIbIIAsA YaCTh JECTPYKTHBHBIX M3MEHeHHI TTPOXOIUT B HAX ellle
10 ncregerua 10-ro waca mocje 00yveHHs.

Jl;isi cpaBHeHMA BIMAHAA PA3JMIHBIX BHJOB BMEMATEeNbCTB HA PAHHUE TMCTOJIOTH-
qecKe N3MEHeHMs Celle3eHKH Y MBImIeit mocile ofyueHna neobxoauma OblIa Npesk/e
Bcero NONPOGHAA THCTOJOTMYECKAs ONEHKA W3MEHeHMH y KOHTPOIBbHBIX Melmei,
HOJBePraBIIIXCH OJHOMY TOIbKO 06myuenmo. B IMeIoIeiics PaTuoIOrHIecKOM IATe-
parype (Warren et al. 1942, Bloom 1948) o pamRMX M3MEHEHMAX CEJIC3EHKA MNOCIe
06iyYeHns YNOMMHAIOT TONbKO MelbkoM. Bompoc notpeGoBan 0co00ro BHUMAHHA,
TAaBHBEIM 06pPa3oM, MOTOMY, YTO Y Pa3fM4HEIX CePUl MEIIICH OIHOTO Y TOTO 3K Ilyie-
MeHH M3MEHEeHHA CeIe3eHKM IIocile 00IyueHHd Pa3BUBAJINCH He OJUHAKOBO.

Bilusinue BBeJeHMs HAPKOTHKOB HA THCTOIOTHYECKWE M3MEHEHUs KPOBETBOPHOH
CHMCTEeMBI TIOCHe OOIyYeHNA Y TeNJIOKPOBHHIX He HccliefloBasock. OJHAKO M3BECTHO,
4TO GOBIMUHCTBO POPM [IIUTEIBHOTO HAPKO32 TocJie 00y deHNs OKA3hBACT BPEJHO®
pIIMARVe Ha BeuxmBanme ;xuBoTHHX (Burdick 1953, [Mpacmmuka 1954, 1955, Langen-
dortf 1954). V amdubuit, copepsmapmuxcs nociae oGIy4eHns npu HU3KOW TeMIepa-
Type, Tpomecc paciaja KJETOK KPOBETBOPHOrO AanmapaTa 3aMejIAiIcA (Allen
Schjeide m Hochwald 1951, Patt m Swift 1948).

BrcnepumeHmanbHas 4acmo

TIpeaneToM OTBITa ¢JIy#UAN MBIIIN IITaMMa H, caMusl ¥ caMKu. YcJIOBHA O0IyUIeHUA: 180 kV,
15 mA, paccrosinme $oKyc — Koma 45 cM, PrabTp 1 mu Al, 0,5 mm Cu, mputor 60 r/muH., obmas
onHoKpatHas fo3a 500 r, wro cocraaser LD 20—30/30 nueii. HOHTPOILHbE MBIUIM TOILRO obmy-
wayeh. Y ONEITHBIX MEILel HeImocpeNcTBeHHO Iepef obiydeHHeM WA HEMe[UICHHO Iocje Hero
IIpUMEHANICA HAPKO3, KOTOPHE MOJAepKEBAJICA BINIOTH N0 YMEPLIBJICHUA MKUBOTHOTO. g
YMEpUIBIICHNs Y JKUBOTHHIX HOMKHMIAMA OTPE3AIACh TOJI0BA, NOCJIC 9Ero CEe3CHKa BHHNMA/IACk,
R3BemmMBasack, Ppuicnponatacsk (10% HedTpansHEE Popmasny, cMech Helly-MakcumoBa) 1 3anm-
Basiach B napadus. Cpessl TOMIMHON B 3 1 (5—8 cepHAHKIX CPE3OB N3 PA3IMIHLIX MCCT CEeJIeREHKN)
OKpAMIMBAINCh TeMATOKCHIMH-303MHOM, JIa3yPbIo 11-503MHOM ¢ TpeJBAPUTEJILHON OKPACKOM
remaroxcmmaom Delafield-a (Bloom 1948) m cmeckio Unn-a MCTH/IOBO 3€71€HW W IMPOHAHA IO
Brachet (1953).

B KOHTpOJe WM TPH JIOMAHAJIOBOM W XJIOPAATHAPATHOM HAPKO3€ MRINN yMEPIUB/AINCEH T€DE3
3,5, 8, 12, 17, 24 n 30 9acos nocae obaydenns, y 3QUPHOTo ¥ TAaHOIOBOTO HAPKO3a — 9YEpPe3 3,
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5, 8w 12 wac. nocie obayvenns. Ua ramxmoh wa six TPYNI CPAaBHUBAIOCH MAHUMYM 10 3 Ipemna-
paTta OT ONLITHOIL 1T OT KOHTPOJIGHOH rpymil. MeHbime npenaparos OwJI0 HPHCOTOBIIEHO ucpes
1, 2, 4, 7, 10, 16 u 28 uac. noce obuyuenns. B obmem 6u1i1a nponssejiena onenka 208 cenes3cHox
KOHTPOJIRHIX I OURITHLIX MEIIICH B 6 cepusax.

1. Mamencnns B cesesenie KOHTPOJBHDLIX MBIIIEIT

[uecromormueckne ganune orienapHbIX 00JydaBmMUXCS Copuil HEBOZMOIKHO OO
OLMCaTh B OJHON O0lICH CBOIKE, HECMOTPA HA TO, UTO Bee cepui obpabaThiBamuch
COBEPUICHHO OAMHAKOBO. Peariiia Ha ofilydeHue B celicdenkax ObiBajia IABYX THIIOB.
HauGosee peskas pasunma meagry oGoumu timiamn HabJloalIach B PAHHUX CTAlUSAX
uocae OOIYUCHHS, B TCYCHHC TIPHGIHBHTCIBHO nepseix 12 wacos. Haunwii tun
PEARIIH 1POABIIAICS BCOTIA Y BCCX FRUBOTHBIX OLPEJICACHHOMN cepui, UHAMBH;LYaTh-
HBIE PasiMuns HOCUIM TOJTPKO KOJIMYCCTBeHHBI XapakTep. Mol ouncnisaeM 00a Tiia
UOCTHPPAHALNOHIBIX HAMCHeHHUIT OTJCTLHO, ¢ 0003HAUCHHCM «cepust A» 1 «epust By,
TTPIHCM KaJIas W3 HUX BRIIOUACT AMATHO3BI TPEX CAMOCTOATENLIO O(JIyYaBIIMXCS
1 06pabOTaHHEIX CEPHIT FKUBOTHBIX.

Cepusa A

Henocpencrrenno 1ocre oburyuenns nabmomacres obmias CUTIePX POMABHI HICH
(taba. 11, puc. 10), Koropas wepes 3 waca nocme OOTTYYCHMH CMEHACTCH HOCTCHCHHBIM
UPOACHEHUeM HAJCPHOM CTPYKTYPBI 1IPU OJHOBPCMEHHOM CKOUFICHNHT XPOMaTUHA.
Pacnaj naunnaercst B repMuHATHBHLIX neHTpax GonTuKRyI0B, — € OAHOI CTOPOHH,
(pparmenranueii IMMPONUTOB, ¢ APYTOit CTOPOHDI, APOGICHACM HUTONIABMBL MO~
6ractoB u cpepnux smumonuTon (rabm. I, puc. 1). Tlorom wrommuecTBo JUMQO-
INTAPHOTO JICTPUTA NPOTPECCHBHO YBEIUYNBACTCS, JOCTUTAs MaKCUMyMa uepes
8 wacoB mocie obmyuenna (raba. 1, puc. 3). IonoGubmM obpaszoM, HO McjJennec,
OCYHECTBIICTCA pacTaj SPUTPOOIACTOB B KPACHOi nysibne. OHU HOJHOCTBIO MCYe-
3a10T Mely 8-biM M 24-mmM wacom. (DaronutapHas pearUus TOSBIACTCH gepes
3 uaca mocne oGayucnua. B reuenue mannmeimx cTajuil ec pasMepnl BO3PACTAIOT,
HO JHIOb y HEOOJIBIIOTO 4MCJIa CCTE3EHOK OHa ObIBAET IOIHOI (rabux. 11, pme. 5;
tabm. III, pue. 14).

Y yHeJIeBmUX KIETOK MOMKHO OBUIO HAOIMONATH W3MCHEHNS KAaK IPOTPECCHBHOTO
XapaKricpa, TaK u perpeccuBmbe, aereseparusnbie. Yepes 5 wacos nocse obaydenns
B uMpaTHyecknx PoITuKyIax HabMIONANn0Ch YBEJHYCHUC KOIMUCCTBA M-
6i1acTOB, — HOBMAMMOMY, UYyTeM pupdepennnanun u3 wH;MPHepeHTHOI peTURY-
JIpHOIL TRani. B kpacmoil nynsne B 9Toll crammu 06pasoBazNCch MHOTOYHCIHCHH L
FPanyJIONOSTHYCCKAC OYary, LPEICTABICHHbIe TeMOIMTOONACTAMU, MHUAIOUNTAME
1 METAMMOJIONHTAMM, KOTOPBIE OTCYTCTBOBAIM B IPEJMICCTBOBABINCIT cTajnm, T. e.
uepes 3 waca nocie 06IydCHI.

Cramun uepes 8 wacoB XapaKTepH3yercs perpecemeii. Jumdobnacinl B sumparn-
YCCKUX (OIIMKYJIAX BCTPEUAITCHA OMEHDL PelKO, TPAHYIIONOITHUECKHE OUATH HCUe-
3a10T. Y OTAENBHBIX COXPAHUBIINXCA THMPOGTACTOB, MUDIOMATOR M METAMUIIOLHTOR
HAOIONAIOTCA JAICKO 3aWelne JercHepaTHBHbIC W3MCHeH s (upucTenHuIiE THICP-
XpomMaros sjpa, runepbasoguimsa UM BAKYOJHBALMA TITA3MBL U T. I1.).

Hosast BonHa oskuBJieHNs NpOABIACTCA UPHOINBATCILILHO depes 12 wacos nocme
obmyuenus. OHA XapaKICPUBYCTCA HPEMAC BCETO HAMEHCHUAMY MIOIHX pera-
KYJAAPHBIX KJIETOK, Y KOTOPBIX NOABISICTCSA KPYIHOe KPYIVIOE WIIH OBAJBIOC HI(PO
¢ PasPE/KCHHOH CTPYKTYPOH XPOMAaTHHA M GOJBIIAM, HEMDABMIBHLIM ALPHIIIKOM.

HuronsasMa 3THX WKIETOK, — B OTJIWYME OT UHAUQPEPeHTHEIX PCTHRYIAPHBIX
KJIETOR, — CTAHOBUT GasoQubHON. JTH MBMEHCHHA MOMHO cumTath juddepeniua-
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nmeit HeuddepeHIUPOBAHHON PeTHKYIAPHOIT TKAHA B FeMONUTOOIACTH. YieneBmne
MesKMe JTEM(OIMTH, KOTOPHe Yepes 8 uacoB mociie obiywenns ObiBamu Gonbmiei
Y4aCThI0 INKHOTHYECKUMU, COJIEPKAT HEIHE, —— TaK jKe, KaK M PeTUK YIS PHEIe RIeTKU, —
KPYMHOE HAPO ¢ TOHKOH CTPYKTYPOil XpOMAaTHHA I IMMPOKYIO TAA3MATHICCKYIO
kaiimy. B emre Gonlee pasBHBINXCA CIy4asx B WATONIA3ME 0as0QMIBLHBIX PETHKY-
JIIPHBIX KIETOK ¥ JuM@OIUTOB BOZHUKAET OKOJIOSIiePHOe MPOACHeHUE, TaK YTO OHM
npuobperanT XapaxTep TNNazMo01acTOB M MPONNAZMATHYCCKUX KIIETOK. Onso-
BPeMEHHO ¢ ATWMU M3MEHEHWAMM paciajaeTcs IMUTONJA3Ma MAKpOQaroB W MCpBO-
HAYANILHO 3ATJIOTAHHBIA MMM JIETPUT CHOBA OKA3hIBAETCA CBOOOJIHO JIejKAINM B Mej-
KJIeTOUHBIX MIeTAX.

Taxue ke M3MeHeHNA, KaKk B QOJIAKYNAX, IPOMCXONAT W B PETUKYJISAAPHOM TKAHH
KkpacHoii myabnsl. BosHuKaomue myTem AndPepeHnuammn m3 neguddepeHnupo-
BAHHO DETHHY/JIAPHON TKAHM TeMOIMTOGIACTH MPEBPAIIAIOTCA B JalbHeimeM
B 5JIeMeHTH W/ TPAHYIOMATAPHOTO I Ia3MOIATa PHOTo TopsaKa. Tak B KpacHoR
NyJblle BO3HAKAKT HOBHE TPAHYJOMOSTHYECKNE OUard, COAep:Kallye Ha STOT pas
npuMech IJIa3MOOIIACTOB U IPOIIIA3MATHYECKHX KIICTOK.

B caenyomux cramuax (gepes 17, 24 u 30 wacos mocie o0aydeHns) cHOBA HACTY-
maer IocTelmeHHas perpecchs. L PaHYJONOITHYECKHe OYATH B KPACHOH IyIbie
ncuesaoT. Il1asmMo6aacTsl B NpOIJIa3MaTHYeCKHe KISTKHM (OJUIMKYJIOB Iperepie-
BAIOT W3MEHEHHs, KaK TMIep0a3oMIIbHOCTD IIIa3Mbl, TIPUCTEHHBII MIIEPXPOMATO3
Anpa u, HaKoHen, pacmax (radm. 11, pue. 7).

[TepromuYHOCT IPOTPECCUBHBIX M PErPCCCUBHBIX M3MEHEHIIL 3aMeTHA 1 Y S03UHO-
$uIBHEIX MeTaMU3IOIMTOB M Tpanysomutos. Yepes 3 gaca, 8 wacos u 17—24 qaca
nocie ofjydeHms y HEX 4acTo BeTpeyaerca wkapmoppexcuc. HampoTus, B 5-omM,
m B ocobennocTH B 12-oM wacy oHE Au@PEPEHIUPYIOTCH W3 TeMONUTOOIACTOB,
nmof06HO ToMY Kak U HefirpouiabHbe GOpPMBL.

B Teuenue rpaHyMONOITHYCCKAX BOJIH HEKOTOPHIe W3 KIETOYHBIX GOPM TpaHyo-
NO3TUYECKOTO PAMA AOPACTAIOT [0 PA3MePOB TMIAHTCKUX KIIETOK, KOTOPbIe MOCTeneHo
HAKOIJIAIOTCA B KPACHOM 1YJIbile BO Bee H0Jiee 3HAUYATESILHBIX KOJIMUeCTBAX (ra6a. 111,
puc. 16). ‘

TlepBhie OTHENbHBIE MUTOTHYECKHe (UIYphl OBHIIM OTMEUEHEB! YHie uepes 3 gaca
nocse obnyuenus. B Oonee mospHmx cragmAx, B ocobensocT mocie 12-ro uaca,
OH GBIBAIN YIKe MHOTOUMCIICHHE 1 €3 CKOJIBRO-HUOY(b BAMETHHX HCHOPMAIIbHOCTEH.

Haunnan ¢ 8-ro uaca mocyie o0yueHWsI B KPacHOW MyJble HAKOLJAJNCH Kese-
3UCTHIA IMTMEHT, IPeMMYIIeCTBeHHO B IUTOIIIA3Me MAKPO(AroB, 3arIOTAHHEIN UMH.
Ha6mmonanuch WHAMBUAYANbHEE KOJIeOAaHAA €ro KOJMYEcTBA (6€30THOCUTENIBLHO
KOJIMYECTBA BLIKMBAIONMX 3PUTPOOIACTOB).

Cepus B

IlpeniapaTst 910il cepuu B OTAGIBHBIX CTAIUAX KOJMYECTBEHHO M Ka4CCTBEHHO
ormuaioTes or cepun A. Pacmanm mumdonuTtoB Hacrymaer pambiie M depes 3 daca
Tocie 00IyueHus OsBaeT ropasio MaccusHee (Tabi. 1, puc. 2). Vsmenenus B peru-
KyJAPHLIX KJIGTKAX M B IMMQONKUTAX, KOTOPBIe B cepuy A HACTYNAJIH TOJLKO B 12-pm
yacy, 37ech HABIIOANNCh YiKe yepea 3 uaca mocsie o6IyYeHnA U B foJiee 3HAUKRTENh-
HEIX pasmMepax. B TepMUHATHBHHIX HeHTpax & Ha nepudepuu GoanuryioB Gepaer

MHOKECTBO 0aB0(UIBHKX PETHKYJAPHHX KIIETOK, W3 KOTOPHIX, -— B 0COGEHHOCTH
no KpasM QOIIMKYIOB, — B JaJIbHENINEM Pa3sBUBAKTCA naasmobmacter (tada. 111,
puc. 11). JlumponnTel, — OMATH-TAKW ITIABHBM 00pasoM, WO KpasgM (ONNUKYIIOB, —

IPHOBPETAIOT KPYIHOE PO ¢ TOHKOM CTPYKTYPOil XpOMATHHA ¥ MIPOKOl Ia3MaT-
weckoil KaitMoit (ta6m. 11, puc. 9), a uHoria ¢ mposcrenmeM BokpyT sapa (rabmn. 11T,
puc. 11). B pesynbrate sTux mameHeHuil yie gepes 3 gaca nocje obayuenuna Gomee
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WM MeHee 3HaUNTebHEIe YacTH QOTNKY 0B OBBAIOT BAHATH! He3PeJbiMI T171a3MaT-
4eCKUMHM KileTkamu. [lanbHelimue cranqnm, — uepes 5 1 8 wacos 1ocae 0OIyYCHN, —
ORA3BIBAIOTCH CTANMOHAPHBIMEL. [lerenepaTnBHble M3MCHEHUA BHIKMBAIONX KIETOK,
Halmogasmuecs: B cepun A B 8-M 4acy, B 3T0it cepun ne nacrynawor (taba. I, puc. 4).
Hanbneilmue yBelmueHne KOMMuecTBA HE3PebX NAIMATHUECKUX KICTOX Ghinact
oKoyI0 12-To waca mocyie obmyvenus. IlexoTophe omuryns GpBaoT MOTOM NpejI-
CTABJICHEL IPEUMYIIECTBOHHO SJICMEHTaMU ILIasMONMTapHOTo psaja (tabm. 11, puc. 6).
Crepyiomas crajmsa, — Kak u B cepun A, — XapaKTepusyeresi BO3pacTanieli
71a3MATHYCCKON Tuuep6as3ouabHOCTHI0 NIABMOTUTADHBIX (JOPM M YACTHIM HAJIIYICM
reqen Russella (ta6m. 111, puc. 12). Yepes 24 u 30 uacos HACTYIACT TAKAasl JKC pe-
rpeccus, Kak B cepun A (ta6a. 11, puc. 8).

I'parymonosrnyeckie Bonmb MPOTEKAIOT TaK Ke, KAK M B cepuu A, Ho yepes 8 uac.
nocse 06/1yaenus GHBAIOT TPePBaHbl He JerCHePATHBHBIMU N3MCHEHWAME, 8 TOIbKO
CTajueit He3HAUMTEIbHON KOJIMYECTBOHHON YORUIN KJCTOK IPaHyII0dTHYECKOro I0-
paka. OcoGeHHO o0mMpHBE 0YATH IPAHYIION093a MOJMKHO HAGIOATh B 12-M yacy
(HO Beceraa €O BHAYMTENBHOIT IIPUMECHID NIAZMOGIACTOB W NTPONJIa3MATHUCCKUX
Kreror’ — rabn. 111, pue. 15).

B cepun B coBcem He nponcxoautr garomurosa KICTOUHBIX 06IOMKOB MUTOIIABMOL
Marpogaros. llnrounmasma maxpodaros pasjensercs Ha oveHb TOHKHE OTPOCTKH,
KOTOPLIC TIPOTATUBAITCA Yepes MEKIICTOYHBIE IMesTd, COolepyramme obIOMKM pac-
napmmxcA Kiaerow (ra6a. 111, pue. 13). B arux mensax u ocyuecrBusercs nepeBapm-
BaHue OGJIOMKOB.

11. Viamenenns B ceneseHKaX HAPKOTHIMPOBAHHBIX MBIIICIT

Yacte Mblmeli maproTuauposasiach HeNoCpeJIcTBeHHO Tiepe, obIydcHueM, dYacTo

He — 110cIe 06JIy‘IeHI/IH, Y 9TaHOJa — TOJBKO IIOCJIe O6.TIy‘-IeHI/IH (I/I HapRO3 IIOJ(-
AepHuBalicA BIJIOTH 1O yMepuiBJieHUudA H(I’IBOTH];IX), y 3(1)Hpa H 9TaHOJIa — He AOJbIIC,
ueM 1m0 12-ro Haca, y JIIOMHHAJIOBOrO U XJIOPpaJATUAPaATHOIO HapKrO3a — HE JOJbIIC,

dem 10 30-ro €aca mocme oGmydenns. [{Jin HAPKOTH3ALUM STAHOIOM MBI BBOLMIIN
B 1100¢Th Oprommasl 0,2 Ma 259, sranomna, pid XJIOPaJrujpaTHOrO HApKo3a —
0,2 M 2,59, xnopanruapara, nis moMuHAI0BoTO — 0,15 M 2,09, naTpuymiromMu-
Hazna Ha 10 r Beca. Ilpu spuduom, sranomoBoM u XJIOPANTHAPATHOM HAPKO3C ceire-
3eHKA B GOJBLIMHCTBE CTyYaeB HU MAKPOCKOUMYECKM, HU 110 BCCY HE OTIMYACTCH
OT KOHTPOJIA. B OTHeNBHBIX ¢Tydadx B CesIc3eHKaX ONBITHBIX JKUBOTHHIX HAGIIONATICH
3aCTOH KPoBM, M MX Bec ObBan Gonbme. [Ipn TIOMHHAIOBOM HAPKO3E B CCIEBCTIKE
BCEX OTBITHBIX H{UBOTHHIX OHIBAJl 3HAUMTEJBHEIH 3aCTOI, & BEC CCJIE3CHKHE B HTOM
cayyae OmBan na 50—1009, Gombme, weM B KOHTpOIC.

1. Ifupuwii napros. Pacnag mumoumron B fommuKynax uepes 4 waca mocne
o6iryuenns (raba. IV, puc. 1a,b) orewaer cramum pacnaja Y KOHTPOJIBHBIX KUBOT-
HBIX TpUOIM3NTeNbHO Yeped 2 vaca mocdyie ofaydennsa. Pacmax pocturaer BePIIMH bl
mesxay 10 m 12-M vacamm n npuGINBNTENBHO PABHACTCS CTCHCHM paciaja Y RONTPOIb-
HEIX JRUBOTHBIX uepe3 8 dacoB nocje obiyuenus. (Daronutos HawwHAcTes wepe:
4 vaca nocse oGnyucHus, Ho eme uepes 13 4acos nocie obnyueHns B fosnnryiax
HaXOMUTCH MHOZKeCTBO JCTPUTA, KOTOPHIL B KOHTPOJE K HTOMY BPCMCHE OBIBACT
yerpasen. unepxpomatnueckye agpa HeGOMBHMX JIMMPOIUTOR LPOACHIAIOTCH YaCOR
gepes 7 mocae o0yYCHUA, T. e. 3HAYNTENBIO NO3JIHEE, YeM B KOHTPOIIC.

Cospesanie KJICTOK IPAHYIOMUTAPHOTO PAXA HAYMHACTCH ¢ 3aLL03/ANIEM, 10 BCE 7KC
9TO 3aIO3JAHNC MCHPBIIe, YeM Y Havala pacnaja AuMQomuToB. JozunouibHbIC
TPaHyJIONNATHL pacHaj@iTes MO3HEee, YeM B KOHTpoJic. PerpeccuBuble uUsMeHeHUs
YHCJEBOIAX 3JICMEHTOB, KOTOPble B KOHTpPOJIC HOABJIAIOTC 4YACOB dYepes 8 IOoCJe
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06sryueHns, y MONONBITHBIX JKABOTHBIX BO3BHWKAIOT TOJIBKO B 10-M wacy u B MeHbmux
pasmepax. ¥YObab 5pATPOOIACTOB OBIBA€T MEHbBINE, M TUI'AHTCKAE KIIETKH BO3HHKAIOT
B MeHbHIEM KOJIMYecTBe, YeM BKOHTpOJIE.

B cenesenke HaproTH3HpOBAaBmHUXCA J0 OOGIYY9eHHs SKABOTHBIX YacoB yepes
10 mocne obiykeHns HaumHaeTcsi MaccoBas muddepennmanusa 3puTpobiIacTOB U3
remonurob6nacTos (rabn. V, pme. Sa; tabm. VI, puc. 8), BOBHMKHOBEHME KOTOPBIX
n3 HenudPepeRUPOBAHHON PETMKYIAPHOH TKAHM MOKHO HAOMIOJAThL YiKe depes
5—8 uacoB mocite o6nydenns (taba. VI, puc. 7). [Ipn Haprorusanum nocie oGay-
geHnsa puddepeHnuanusa SpHUTPoGIAcTOB HabiofaeTcs B 3HAYKTEINBHO MEHBINEH
crenenn (rabn. V, puc. Sb).

2. Omanonoswiii mapros. Pacmag B numdatmdeckux (OmIMKyIaX HAYMHAETCHA
no3jgHee, 4eM B KOHTpOJIe, W He JOCTUraeT BEPIIWHHL ja)ke depes 12 uacos mocie
obnyuenusn (tab6a. V, puc. 3a, b). HommuectBo 06m0MKOB GhiBaeT MeHbIIE, dem
B KOHTpOJIe, a KOJIMYECTBO YHEJeBIINX MeNKux JuMdountoB — Gonbme. Yepes
3 "aca nocse o61y4eHHA KOJINYECTBO YHEJIeBIMX reMONUTOOIAaCTOB U 3pUTPobIacToB
GpiBaeT OojibIle, OJHAKO KJETKM TPAHYJOUMTAPHOTO PfAfla BCTPEYAIOTCA TAK e
pefko, Kak B KoHTpoJe. Uepes 8 yacos mocite 06IyIeHAA MOKHO HAGIIONATE 0GmMp-
HEIEe CKOIJICHHS TeMONHMTOONacTOB, MHUIJIOINTOB, METAMH3JIONUTOB M IEePEXONHHIX
dopm, cBumerenmbeTBYyOMUX O Haamyuu puddepeHumanuy reMoumToHIACTOB, TIpe-
Bpamaomuxcd B Mudsionutsl. OgHako y GonbmuHCTBA M3 9THX AufepeHunpoBaB-
muXcA KIeTOK HabJIofaloTcA JlereHepaTHBHble N3MeHeHHWs. PasMepsl 3purpomoasa
6rIBalOT GosbIe, YeM B celle3eHKaX MbIMed, HAPKOTU3MPOBaBIUXCA 3GMPoOM HOCIIe
obnydenus.

B 11—12-om wacy mocne ofmydeHns HacTymaeT perpeccusi, T. €. IaJeHHE KOJIA-
4ecTBa TIeMonuUTOOIACTOB, MHUATIONUTOB M 0GpasoBaBIMXCA paHee GasoUIIBHBIX
5pUTpPO6IACTOB, a TaKiKe THAKeJbie JereHepaTUBHbC NU3MEHEHHA JTHX 3JIEMEHTOR.

3. Xaopaneudpamnmeiii Hapkos. VI3 gByx cepmil Mblmeil ojiHa pearnpoBajia B CMbICIIe
cepun A, BTOpast B cMuicile cepur B. Pacnapg mumdonuros B o6enx cepusax HacTymas
No3JHee W NMpPOoTeKaJs [JuTeNbHee, yeM B KoHTpoie (tabn. IV, puc. 2a, b). B cepunm A
daronurapuad peaknus GhBala MHTEHCHMBHee, YeM B KOHTpPOJe, M ParMeHTH Iepe-
BapMBaJNCh NPENMYNECTBEHHO B HUTONIa3Me MakpogarosB. B cepun B mepusapm-
BaHHe (parMenToB OCYIIECTBIACTCA IPEMMYIECTBEHHO BHEKJIETOYHO IMOHOOHO TOMY,
Kak B KoHTposle. OGpa3oBaHme KJIeTOK IJIAa3MONMTAPHOIO psina He Habiomaercs
HY B OTHON W3 cepuil.

B o6enx cepnax, n B oco6enHoctu B cepuu B (tabn. VI, puc. 6b, 9), sputpobnacrst
OKa3BIBAIOTCS 00JIee MHOTOYKHCISHHBIMI, YeM B KOHTPOJIe, M MCUe3a10T He TaK ObICTPO.
B cepun B gepes 12 gacos nocne o6nysenusa nuddepennranusa peTHKYIAPHOR TKHAHK
M ¢e IpeBpalieHre B TeMONUTOOIACTH OHBAIOT 00liee 3HAYNTENILHBHIMH, YeM B KOH-
TPOJle, a O4arW TPaHyJIONod3a BCTpedaroTcss vamie. B cepum A nuddepeHnumaims
ObiBaer ciabee, uem B KouTpose (tab6a. VI, puc. 6a), a mocme muddepermumamun
KJIeTOYHBIe 3JIeMeHTHl OBICTPO TOABEPTAITCA JereHepaTHBHBIM M3MEHCHUAM.,

Taxkum 06pazoM, KapTWHA THCTOJOTMYECKNX M3MEHEHMIi B cejieseHKe B cepuu B
IO CYTH Jella OTANYAeTCA OT CeJIe3eHOK cepuu A Gojiee 3HAYMTEIBHBIM OOIIUM KO-
YeCTBOM BBHIFKUBAIOIINX KJETOK, B KOTOPHIX OBIBaeT MEHbINE JereHePATHBHEIX M3Me-
HeHuil; 0ojiee 3HAUMTENILHB B HAX TAKKe M KOJIMYECTBO 3PUTPOGHACTOB, AHTEHCHB-
HOCTh TPAHYJIONO093a M AKTUBHOCTH PETHKYJAPHON THAHU.

Bpema npumenenua xnopaarujpara — [0 MIIA N0cse 06Iy4eHNA — He OTPasKkajioch
Ha THCTOJOTHYECKOH KapTHHE CeJIe3eHKH.

4. Jliomunanossiii napros. Pacnan KiIeTox n nepeBapuMBaHNC KIETOYHBLIX OGJIOMKOB
IPOTEKAT HECKOJIBKO 3aMeJlJieHHee, 4eM B KoHTpode (Tabx. V, puc. 4a, b), u goctn-
ralT BepmuHEl 4epe3 12 uacoB mocie obiyuennsa. [Ipouecc namenennit permrysnsap-
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HEIX KJICTOK M BEDKIBATONIMX AMMQOIUTOB He 0TIHYacTes 0T KoHTpoJsisi. Hpespanenne
B 15Ia3MOLIUTapHBIE 3JICMEHTHl OBIBAJi0 B CPABHEHHH ¢ KOHTPOJICM HC3HAYMTC/ILHO.

IipuBas KoJMuecTBA KIIETOR I'PAHYIOMUTAPHOTO PANA UMCCT IIBA HOABEMAD B 3-€M
1 B 12-0oM yacy uocsie 06IyYeHns, LHOCTe Yero HX KOJIMYeCTBO MjeT Ha VOBIIb.

Haunnas ¢ 3-ro waca 1ocite o6ydennst apuTpodAacTons OBBACT MOCTUHHO HOJIBIIE,
yem B rourpose. llocse 17-ro waca mocae o0iydeHds KOIWICCTBO HPUTPOGIACTOR
nagacr. Yepes 30 wacoB KapTWHA CCNNE3eHOK HAPKOTUBWPOBAHHBIX MbILICH HE OTiIM-
Jaeresa OT KOHTPOJIA.

Ceodka pesyavmamos. BOIbMUNCTBO HAPKOTHKOR BLI3LIBACT 3al1a3/(LIBABIC HAYalla
pacuana nuM@OIUTOB B CPABHENUM ¢ KOHTPOIEM W 3aMeJUJICHUEe ero TCUcHUs.
COOTBETCTBENHO DTOMY 3alla3jiblBaeT TAKyKe llePCBAapPUBaHUE KICTOUHBIX 00I0MKOB,
HO 37CCh 3ajepsika ObIBaeT Clie BeIpasuTesabHee. Bornbiie Beero pacuaf dnMEounTon
3alA3BIBACT y clIIpTa ¥ 9QUpa, MCHbIIE — Y XJIOPAArHAPATA, & MEHBIIC BCCI'O —-
vV JOMITHAJTIA.

[lauasio rpanRyII009THYCCKON BOJIHLL B KAPUOPPEKCUCA DO3NHOMUIIBHBIX IPAHY JI0-
IUTOB TOKE 3a11a3](BIBACT B CPABHEHMM ¢ KOHTPOJEM, HO HE HACTONbKO, Kak pacliaj
JIMMQPOLUTOB.

B otaudue o1 KOHTPOTA, HPU XJI0PAJIWIPATHOM, 3QHPHOM M HTAHOJIOBOM HAPKO3C
He 06pasyloTes He3peJsble liJlasMaTHYeckne RICTKU, UPU JIOMUHAJIOBOM HapKoO3C OHU
00PasyTCA TOJMBKO B HE3HAUNTEIBHLIX KoJynuecTBax. laubozee Beipasuresibnas
ciiocobHoeTh K auddepeHumanuy peTUKYIIPHOH TRAaHW HaOIoaiach NPH LPUMC-
HeHuu adupa mepep obiyueHuem, xjopanary;pata (B cepuu B) v snomnnana.

B cenesenkax HapKOTM3MPOBAHHBIX MblIcH HaGmoxanach puddepenmuauus 6aso-
QUIBHBIX 3PATPOOIACTOB, KOTOPOIT He ObI0 B KoHTposie. llanbosiee cubHBIA
apUTponon3 OwrBan npu upuMmencnny sdupa (uepen o6ayucHEEM) M ATKOTOIST (X0TA
OH uUpuMeHATCs Hocle 00ayvenusn). OpHaro yepes 12 wacoB nocste obyvenns 6azo-
QuIIbHBIE 3PUTPOOIACTHL B CCAE3EHKC AJKOIOIN3NPOBAHILIX MLITICH B 3HAUNTEIILHOM
cTeTleHV nopBepraoTest pacnaay. [pn sfmpuom HapKoze, TpUMeHAEMOM II0cjie 00.Ty-
YCHUA, IPUTPOLI0d3 OBIBAET TAKNM JKC, KaK U 1IPU JAPYIUX HAPKOTUKAX.

Juckyccus

W3 upuBejennnix omMcaHiil BHITEKAcT, 9To cepma I3 pearnposasia M Ha IPAMBIC,
1 Ha HecneluuUCcKue IocieacTBus obiaydennda OypHo, Torga Kaw cepus A —
MC;IJICHHEE N yMepeHHee. Paziuyus rucTosloraueckux KapTuH o0yceIoBICHEL, OB~
MOMY, pasiuyYdAMH B HellpOTyMODPajLHOH peakuuu oprannsma, LHOPaRenHoro
JiydaMM, a4 He pa3jMuydsaMM CaMHX KJeTor M TKavel. Dimanus 1ojla M Bo3pacTa
JEMBOTHBIX, KaK U BO3MOKHBIE CKRpPBITHE HHPEKIMN Opinn Hekmouensl. Momno upen-
oJaraTh pasimyus B PEAKTHBHOCTM, OOVCIOBIEHHBIC BPEMCHHBIM COCTOSIHMCM
0fy4acMOro JKUBOTHOTO (BpPeMs MH WY TO@, MHTEPBAT NOCC KOPMCKKY, TCMIIC-
parypa ORpy:Rawouei ¢peasl U T. IL), BIM JKe PABIHUMA B PCAKTUBHOCTU MBIIICH TOI
MITH WHOH COPUUL.

looToMy MbI cunraem ciiestaHHLIC HAMY HAOAIONCHUS, BO-TICPBLIX, 1OCHCACTBIAMMN
:aMOTO  OOJIyUeHHA, a BO-BTOPbIX, ITPOABJICHNAMU HCHPOTYMOPANLHOI pPCaARIMM
B TKAHSX, H3MCHUBIIUX G 110;{ BIIMAHWEM HOHA3HpYyontero obaydenus. Rapuoppexkcene
03MHOGMIIBHNIX  TPAHYJAOTHTOB W BOJHOOODPA3HBII I'PAHYIIONOd3  BHIBKIBAIOTCH,
BCPOATHO, BBLIJICIACHUEM a7 PCHOKOPTHKANBHBIX TOPMOHOB. JTU ABJICHWS CBI3ANDI,
repoaTHO, ¢ sosuHonennein (Pape 1953, Wagner 1953) u ¢ nByxdasosoii neiirpodmin-
nocreio (Jacobson ¢ corp. 1954), woropas Habmomanachk B mepudepnyeckoil KPoBH
HPUOINANTCABHO UYePe3 T KC UPOMEKYTRE Bpemenn uocie obmyacina. Bloom
(1948) ormeuacT TOJIBKO HENPEPHBHYIO [IECTPYKIMIO ILICTOK TPaHYIIOUUTAPHOTO
pAIa B KOCTHOM MO3Te ¥ B Celie3eHKe 10cje o0JIydeHus.
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Hpobnemoii ocTaoTca nsMeHeHHA B TEMPOLUTAX M B PETHKYJIAPHOIN TKAHU, HLOCIIC
KOTOPBIX CJIeAYIOT M3MEHeHUA IIa3MOIMTAPHOTO Xapakrepa. B mmeromeiica 10 cux
0P PajMOJIOTHYCCKOI JIMTePAType MOKHO HAMTH YHOMUHAHMA 00 OTHENBHHIX IIpe-
BPAIIeHNUAX PETHKYIAPHHX KJICTOK Tocjle OOIyYeHWsi B KPYIHbIE JUMPOIUTHL
(Murray 1948) u 06 yBenmueHuu sijiep TuMQONATOB W PAcHIMPeHHH KX ILIA3MATH-
decKoll KaliiMbl (Scherer m Wichmann 1954). Ha6monasmuecas HaMu M3MeHEHMS
JaumMPounToB HanoMuHAOT Te, KoTopeie Frank m Dougherty (1955a, b) maxoummn
nocjie npuMeHeHns Hecnenu@mueckux crumysos. Ilmasmormrapuble upeBpameHns
9THUX KJIETOK BBI3BIBAIOTCH, BEPOATHO, BEIECTBAMI GEJIKOBOTO XapaKTepa, IPOucXo-
JUIIMME M3 PaspyINeHHBIX TKaHeil U BLI3BIBAIOIIMMEA M3MEHEHMA B IJI00YIMHOBBIX
(paKIHAX CBIBOPOTKH Y3Ke 4epe3 KOPOTKHC MPOMEKYTKI BPEMEHH 10cie 00IydeRusm
(Dougherty m White 1947). :

Baskurv garropom, mrpaiommm, BeposTHO, POIb B HATOreHe3e Jy4eBoil GOJe3HH,
ABIIAETCA NO3JHAA Perpeccus BHMICYKA3aHHBIX KIIETOYHBIX THIOB, a TAKMKE KIETOK
rPpaHyJIONUTAPHOTO psAfa. [lereHeparTuBHBlC N3MEHEHMs TOABIAITCA B KIETKAX,
KOTOpHe G(IaromosIyyHo TEpPeHOCHT HemoCPeICTBeHHbIe NOCHeHCTBIA OOIydeRus
U MPOM3BOJAT BHeYaTieHHe MOPHoNOTHYecKN M (QYHKIMOHAIBHO He HAPYIIeHHBIX
KJIETOK, HAmNp., HPOSIBISAIT MUTOTHYECKYIO AKTUBHOCTh, CHOCOOHOCTH K nuddepen-
mnaguu ® T. n. Mx peresepanud NO3[Hee BHI3BLIBACTCH, BEPOATHO, JIEHKOTOKCH-
geckumu darropamu (Rodé 1950, Edelmann 1955) nim anTumutormuecknmn daxTo-
pamm (Miiller 1956) B criBopoTKe ToxBepraBuMXcs OOMEMY OOIYUEHHIO FKMBOTHBIX.
Bonee nonpo6roe o6sacuenne s10it mpoGiemMsl TpeGyeT fallbHEHIAX KCIEPUMEHTOB,

B snwmreparype MosHO HallTM MHOIOYHCJICHHBIE JAHHBIE OTHOCHTENBHO 6Jaro-
NPUATHOrO WJK HeGnaroupuATHOTO meiicTBus TopMoskenus I[HC wnu mapkosa Ha
TeYeHWe Pa3JiMYHLEIX IaTojormyeckux mpomecco (KRormapesckuit 1952, IMonkosHU-
roBa 1952, jHus n Kpacumrckaa 1953, Kau 1953, Bamky ¢ corp. 1953).

Jlna mMopuuranuym paHEMX THCTOJOTMYCCKUX WSMEHEHMIl cejleseHKH TIocae 06Iy-
9€HHMsI MOTYT MMeTh 3HadYeHHe Takue (PAaKTOPH, KaK NOHHsKenue obGMeHa, 3acToil
KpoBHI B celjle3eHKe (TTIaBHEIM 06pa3oM, IPH JIIOMHHAJIOBOM HapKO3e), MOHMKEHHe
TeMIepaTypsl Tesa (Ipy JTIOMUHAJIOBOM HapKo3e Ha 3—4°) M KMCI0po/HOe ToTIolaHne
TraHell. Hax moxasanm oTgesbHEIA ONBIT, KUCIOPOAHOE TOJONAHNME MOCTe 00TydeHmst
BbI3BIBaeT HEOONBIIYIO 3aleP:KKy paciafa AnM(PONUTOB, a dPUTPOGIACTEL B KPACHOI
MYJIBIIC BCTPEYAIOTCs B 3TOM cilydae damie, 4eM B KoHTpose. OGiyvenne npuHaIIeKAT
K TaKUM BMEIIATEeJbCTBAM, KOTOPHE BHI3LIBAIOT B OPraHM3Me HEiPOTryMOPallbHYIO
peaxuuio (Langendortf 1954). Haprotukn MeHAIOT 3Ty peakuuio uepes TOPMOKeHHIe
ITHC, a BMecTe ¢ BhimeHa3BAHHBIMA (AKTOPaMu (KMCIOPONHBIM TOJMOJAHMEM, CHH-
JKCHMeM TeMIUepaTyphl Teja M T. II.) CHHKAIOT PEaKTHBHOCTH W BCC NPOSBICHUSA
HRIBHE/ESATENIbHOCTH OPraHU3Ma, B Pe3ynbraTe 4Yero NOCTHPPALMANMOHHLIE H3Me-
HEHUA B cejle3eHKe Pa3BHBAIOTCH MEIJIEHHee, MJINTeJIbHee H KadecTBEHHO HECKOJIBKO
110 Ipyromy.

B cenezenrax HapKOTM3MPOBaHHBIX JKUBOTHHIX He 06pa3oBaINCh MJIa3MATHICCKHIE
KIeTKW (32 MCKJIOUEHHeM OTHeNbHHX CJIyYaeB IPH JIOMUHAJOBOM HAPKO3e), TOTMA
KaK B KOHTPOJIe OHM BCTPEYAJIMCh YacTO. JTO CBABAHO, BEPOSATHO, ¢ 3aHA3ILIBAHKEM
N3MEHeHUH IPU HapKO3e, OTOIBATAMNINM IPOJ(YKTHBHBEIE CTaAWU HA Hojlee NMO3IHEe
BpeMs.

IIpu a¢pmproM Haprose mo obiydenus Gpocanach B I71a3a CHOCOGHOCTH TEMOLMTO-
6nacToB, BOBHUKIIEX MyTeM AX(QePeHIManun U3 PeTHKYJIAPHON TKAHN CeJIe3eHKH,
co3pesas, npeBpamarbcsi B 6azoduiabHele dpUTPOGIACTHL. JTa CHOCOGHOCTH OTCYT-
CTBOBajia, ecjii BQUPHHI HAaPKO3 NPVMEHAJCH IOciie OOJyYeHHA. DTo CBA3AHO
¢ BO3MOKHOW B3alUMIIEHHOCTHIO PETHKYJAPHOH TKAHWM OT JeHcTBUA OOJiydeHus
Y JKMBOTHEIX, 00JIy4aBIUXCA B COCTOAHAM HapKo3a. V3BecTHA CTUMYJIANIMA 5PHTpO-
moa3a nocJe obaydennsa B pesyibTaTe HOTePH KPOBH WIIM KUCIOPOJIHOTO TOJOXAHMA

43

Approved For Release 2008/04/10 : CIA-RDP80T00246A002900500011-3



Approved For Release 2008/04/10 : CIA-RDP80T00246A002900500011-3

nepey obmyuenmem (Jacobson 1948, 1954, Rambach ¢ corp. 1954, Ckanxa 1956).

Pasunna Messny cepaaMu A 1 B B peaknuyu peTuryIAPHOI TKAHM HA OJHY M TY ke
03y ofaydeHums 0COGCHHO 3HAUMTENLHA MPH XJIOPAITHIPATHOM HAPKO3e, KOTia
y cepuir A He OBUIO OTMEUEHO HOUTH COBCEM HMKAKON aKTHBHOCTH, a y cepun B,
HAIIDOTHB, — BHICOKAs. SHAYEHMEe STOH DPA3HMIGL JUIA JAJIBLHCHINETO Pa3BUTHS
aydeBoit GONE3HN HAMM He U3YYaJoCh.

Peswome

Bhila 1POM3BEJCHA ONEHKA DPAHHMWX TIHCTOJOTHYECKAX W3MCHEHMIl CeNescHiu
y 208 mplieit, o6rysaBmuxcs 1030 B 500 r. TlomoBuHA MHBIIEH TOJIBKO 06Iydaniach
I CITYKMIIA B KadecTBe ROHTPOIsA, BTOpas MOJIOBAHA HETOCPEJCTBCHHO Tepem obiuy-
YEeHHCM W CPas3y Tocie o0dydeHns HapKOTH3NpPoBajach dQupoM, XII0PaITuApaTOm
AN JIOMEHAIIOM. DTAHOM IMPUMEHSAJICA TONBKO nocsie ofayuenus. CocTosinme Hapro3a
IOJIeP/KUBATIOCH BIJIOTH 70 YMEPIBJICHUsA JKUBOTHOTO, T. €. jo 12-ro waca mociuc
obryuenna (npu sdupe m sranose) n go 30-ro yaca mocne obydennst (IpH XIT0p-
anTUgpaTe M JIOMMHAJE).

B cejleseHKaX KOHTPOJIBHEIX Mblmiell, Kpome ONWCHBAEMOIo OOBIYHO pacnaja
AuMQOIATOB W HPUTPOOIACTOB, TOCIE KOTOPOro ciexyer (aromuros KIETOUHBIX
0GTIOMKOB, — HAOIOANNCH, N W3MeHeHWsI IPOrPECcCUBHOTO Xapakrepa: juidpepen-
1WA PETHRYIAPHON THAHN B KIETKH THIA TeMOLUTo0IacToB, yBeudeHe obnema
sep ¥ MATOTIA3ME! JTMMQOIUTOB, 06pa3oBaHue He3PEJIHIX IJ1a3MaTHYeCKUX KIICTOR.
B kpacroii mysbne HaGaoRaAach By XPasoBasd BOIHA TPAHYIION0d3a I MU KIMYCC KU
KapUHOppeKcuc H03MHOQUILHBIX TpanyionutoB. Hierounsie 06JIOMKHE TIepeBapu-
BaJIMCh NPEMMYIIECTBCHHO BHEKIeTouHo. Teuenue uaMeHCHmil mociie obayueniuss
XapaKTepusoBaioch (KpoMe pacuajga IuM(OMMTOB U IPATPOOIACTOB) YePELOBAHNCM
HPOJLYKTHBHKX CTA/MIL CO CTAIMAMI IOKOS ML 3k perpeccyit. Pearmit B 0T1eabHAIX
cepusAX GHBAJM KOIMYECTBEHHO M KAYECTBEHHO PAa3HBIMI. JTa PA3HMI@ OTiHYanach
3AKOHOMEPHOCTBIO, TAK YTO MOKHO GBIIO OTIpesieuTh ABe (OPMBI leCTPYKUAU Celle-
seHrn mocse obmyyenna. OBCYMIACTCs CBSA3L DTHX ABJICHUIL ¢ HOHPOryMOPaITbHOI
peaxinieil opranusMa Ha o0Jyuenmue.

Bce HAPKOTHKE BHBHBAIOT 3aMasbBaHIC HAYANA Pacnaja THMPOIMTOB B cpaBHe-
HUI ¢ KOHTpOJIeM 1 3amefjicHue ero tedenusi. HanGozee 3mawuTesibHo 3ameiieHne
pacmaja mpu cnmpre M 3Qupe, HECKOJIBKO MCHBIIe MPH XJIOPAJIrUIPATe, 8 MCHBIIC
Beero npu momuaane. COOTBETCTBEHHO ¢ HTHM HPH BCCX HAPROTHKAX 3amasfblBaet
W TepeBapuBAHIe KIETOUHHIX OGNOMKOB, HO 3all03jlaHie 37ech GhIBAeT CHle 3HAUu-
tempHee. [losBIIeHe BOIHBL TPAHYION093a M KAPUOPEKCHCA DO3MHOPUIBHLIX TPaHy-
JIOIMATOR TOME BANA3NBIBACT, HO MeHbINe, ueM pacmap smmdonuros. Hpu xaopanrua-
paTHOM, 3(UPHOM ¥ CHHPTOBOM HApKO3e, B OTIWYME OT KOHTPOJS, HC HabJogaeTest
06pazoBaHne He3PelbX 1IIa3MaTHIeCKNX KIETOK, HPH MOMAHANIOBOM 7Ke OHO BCTPC-
vaeTcsi, HO B HE3HAUMTEJIHHOM YHCJe cjiydacB. B cesleseHRax HAPROTU3WPOBAHHBIX
MBlmeii Habmoxanack auddepennuanus 0azoPUIBHEIX DPUTPOOIACTOR M3 TCMOIUTO-
6AACTOB, Wero He OBLIO B KOHTPOJe. JPHTPOI0d3 OhiBaer Hanbosce 3HAYNTENHHHIM
py mpuMencunu adnpa nepex obmayuennem. Hanbosee smauutenbHas €110cOOHOCTE
peTHRYIApHON TRanu K juddepennuanun HaGIIOLATACE TOMKE LUPU JPUMCHEHIL
aupa mepen oOIyuCHUEM W HPH JIIOMHIHAJC. '

Pasunia B pasBuTUH IUCTOJOIMYECKIX U3MEHCHUIT CeIe3CHKI HAPKOTU3WPOBAHITBIX
1 KOHTPOJIBHBIX MBILICIH OOBACHACTCA HAMH KAK Pe3yJbTar pasauuuii B HelporyMo-
paJIBHOI PEeAKIUE OPTaHn3Ma N0 BIUAHNEM TOPMOSKOHUS ITHC, crmkenusa peakTiB-
HOCTH M OGMIEH KUBHENCATEIILHOCTH OPraHmsMa HpU HapKo3e.

(Taéa. I, I1, I1L, IV, V, VI)
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Early Cytological Changes in the Lymphocyte and Myeloid
Components of Mouse Spleen Following X-ray Irradiation

M. PRASLICKA and M. HILL

Summary
I. Changes in the Spleen of Normal Control Mice

When evaluating the action of various protective substances influencing the
effects of X-ray irradiation on the course of post-irradiation destruction, it was
necessary to obtain a detailed picture of normal post-irradiation destruction of the
spleen in the early stages after irradiation. For this purpose, white mice were
irradiated with a total dose of 500 r (180 kV, 15mA, focal distance — 45 em.,
filter 1 mm. Al, 0.5 mm. Cu, dose rate 60 r‘min.), amounting to an LD of
20—30/30 days. The spleens of the irradiated mice were fixed with 10%, formol and
Helly-Maximow mixture, embedded in paraffin and stained with haemotoxylin-eosin,
azure lI-eosin and methyl-green-pyronin. The findings in six series (104 mice in all),
elaborated and evaluated independently, were basically of two types:

sroup A, comprising three independent series: Apart from the usual disintegration
of lymphocytes and erythroblasts, followed by phagocytosis of the fragments, which
are an expression of regressive changes, changes of a progressive character were
also observed. Five and 12— 17 hours after irradiation, the red pulp contained numer-
ous granulopoietic foci, formed by neutrophil and eosinophil granulocytes in all
stages of development. During maturation, some myelocytes and metamyelocytes
showed a pathological increase in size, ultimately forming giant cells. Eosinophil forms
other than at the stage of fading granulopoiesis, i. e. three, eight and 17— 24 hours
after irradiation, underwent karyorrhexis. Indifferent reticular cells differentiated
out 12 hours after irradiation into stem types, which in the follicles continued to
give plasmoblasts and also, in the red pulp, myelocytes. Many lymphocytes also
reacted in a similar way. Their nuclei increased in volume and had a fine chromatin
structure and discernible nucleolus; the cytoplasmatic border also became wider,
often with juxtanuclear translucidation. As a result of these changes, after 12 hours
some of follicles were formed of immature cells of the plasmocytic series. At this
stage the macrophages containing phagocytosed fragments disintegrated and the
débris continued to be digested extracellularly. Further stages (24— 30 hours) were
characterised by gradual regression; the granulopoietic foci in the red pulp disap-
peared. The plasmocytic elements showed hyperbasophilia of the cytoplasm and
hyperchromatosis of the walls of the nucleus. The surviving lymphocytes were
markedly pyknotic. The giant cells which had been formed earlier disintegrated
at this stage.

Group B, comprising the results of the other three series, differed from group A in
a number of points. In this group, disintegration of the lymphocytes began sooner.
Changes in the reticulum and lymphocytes, leading to the formation of immature
plasma cells, occurred in two phases, three and twelve hours respectively after
irradiation. The extent of these and likewise the extent of both granulopoietic waves,
was substantially greater than in group A. Phagocytosis of the fragments was
completely absent.

The above findings were taken as being the direct effect of ionizing radiation and
also as the outcome of the neurohumoral response of the organism to total irradiation,
which, however, took a different course in the individual series. The cause of this
divergence is not yet known.
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II. Changes in the Spleen of Narcotized Mice

Substances which influence post-irradiation changes in the haematopoietic
apparatus are of great importance for the pathogenesis and therapy of radiation
diseases. An evaluation was therefore made of histological changes following irra-
diation with a dose of 500 r in mice narcotized with ether, ethanol, chloral hydrate
and luminal sodium, as compared with non-narcotized mice. Some mice were narco-
tized immediately prior to being irradiated, others immediately afterwards; ethanol
was used only after irradiation, narcosis being maintained in this case until the
animal was killed (1—30 hours after irradiation). The evaluations were made from
the spleens of 208 mice.

All the narcotics retarded the onset of disintegration of the lymphocytes and
slowed down its course as compared with the controls. The greatest delay was
obtained with alcohol and ether; it was less with chloral hydrate and least with
luminal. With alcohol narcosis, disintegration reached the maximum substantially
later than in the case of the other narcotics. With all narcotics, digestion of the
fragments is also delayed, in proportion to disintegration, although in this case the
degree of protraction is still greater. The onset of the granulopoietic wave and karyorr-
hexis of the eosinophil granulocytes is delayed, but to a lesser degree than disinte-
gration of the lymphocytes. With chloral hydrate, ether and alcohol narcosis, there
is no formation of immature plasma cells (¢f. controls) and with luminal narcosis
formation is very slight. In the spleen of narcotized mice, differentiation of the
basophil erythroblasts from the stem cells was observed; in the control spleens this
was absent. Erythropoiesis is greatest following ether, administered prior to
irradiation, and following alcohol, although this was not administered until after
irradiation. The basophil erythroblasts in" the spleen of alcoholized mice disintegrate
on a large scale, however, after 12 hours.

The greatest differentiation capacity in the reticulum was observed following the
use of ether, administered before irradiation, and after luminal. In these cases it was
greater than in the control spleens.

The differences in the development of histological changes in the spleen of nar-
cotized and control mice are explained as being the consequence of a different neuro-
humoral reaction of the organism, due to inhibition of the central nervous system,
decreased ability to react and a reduction in the vital activity of the organism as
a whole under narcosis.

(Plates I, I1,III,IV,V,VI)

Taba. 1.

Puc. 1. JIumparnueckuin Goanmurysr cepun A depes 3 waca mociie obiayuenmus. Hagasio pacmaja
mamdornuroB. OrgenpHble JaMpobIacTel B T€PMIHATHBHOM HEHTPE.

Puc. 2. Jlmmparngeckmit pommuxyn cepum B uepes 3 uwaca mocne oGiysennst. 3HAYMTETBHBIA
pacuax aumdoruToB. B repMuHATHBHOM IEHTPE I'PYNNH KPYNHHX 0a30QMIILHBIX PETHKYIAPHBIX
KJIeTOK ¢ Iy3WpPbK0oOOpasHuME Afpamu. HeGonpume auMPONUTH ¢ TOHKOH CTPYKTYPHOH XpOMa-
THHA.

Puc. 3. Maxkcumym pacnasma aumoruroB B cepur A uepe3 8 gacoB nocse obmyuenns (obiacts
TePMHHATABHOrO meutpa). Hebombuine, BepereHooOpasHEIE DPeTUKYJIAPHBIE KIETKH.

Puc. 4. O6macTh repMUHATHBHOrO HeHTPa ceprn B gepes 8 wacos nocisie obmydcnna. XapakTepHbe
CHONJICHUA KPYNHBIX PETHKY/LIPHBIX KJIETOK ¢ My3HPBbKOOGDasHBIM AApOM  OazoduiibHOM 1uro-
IJIa3MOH.
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Tabm. II.

Puc. 5. Jlumparmaceruii Gommury.r cepun A gepes 12 uacos mocate obaydenust. Kiaeroannic 06 1omMin
saryotanbl. [InkHOTHYCCKEE yreaesume JuMmountor. MesKHC, BEPCTCHOOGPABHLIC LM Tpex-
I'PaHHEIE PETHKYJIAPHbIE KIIETKI. ,
Puc. 6. Jmvdatudeckuit dosmmnryn cepnn B wepes 12 wacos mocite obmyuenus. JleTpaT B Me-
KWIeTOUHHX 1wweasx. Doumnkysl 00pasyercs UPEHMYIIECTBEHHO NPOIUIA3MATHUECKIIME KIIETKAMM
n masmobnacramu. JIMMONITEL ¢ KPYIHLIM HAPOM H PEIKOi (:prmy/poﬁ XpoMaTuHa.
Puc. 7. Jlumparimaeckuit pommuryn cepmn A uepes 24 waca nociie obmydenms. llukHOTHYCCKEE
JMPOUATE U KICTKH IIITa3MONUTAPHOTO PAMA.
Puc. 8. Jlumparnmueckuit ommuryn cepuu B uepes 24 yaca nocse oGmyucans. OgHA TOMBKO KIETKH
IJTa3MONHATAPHOI'O PAja.
Puc. 9. Cepua B uepes 3 gaca mocite ouyuenus. I'pynna aumomuton ¢ ToHKO# CTPYRTYpHOI
XPOMaTHHA B AJPE 1 ¢ yBeTAIeHNeM KOINYecTBAa IUTOIIA3Mbl. MeCTaMA OHIL TCCHO NPMJIETAIOT PYT
K JIPYTY, TaK 4TO I'PAHHI(EI KIETOK CJAUBAIOTCH.
Puc. 10. Cepnst A depe3 3 uwaca mocse obimyuenna. HacTs GOINKYIA, COOTBETCTBYIOMAs TACTH
Ha puc. 9. I'mnepxpomasus siiep JIMMPOLMTOB.

Tada. II1.
Puc. 11. Hepudepunaceras yacrs Gormmurya. Tor ke npenapar, uto u Ha puc. 9. I'pymma nrasmo-
01acTOB, MPOIJIABNMATHYCCKUX KJIETOR M YBEIMYCHHBIX JIMMPOIATOR.
Puc. 12. Yacts numdarmaecroro omumcysta cepun B yepes 16 uacor mocie ofmydgenns. B aie-
MEHTaX IJIa3MOLUTAPHOrO DPsfla MEcTaMu 3aMeTHH Tesbiia Russell-a.
Puc. 13. O6nacts GuiBirero repMEHATHBHOIO LieHTpa cepuu B depes 12 uacos mocse oGiydeHus.
Pacnag maronmasmel Makpoaros U BHEKJIETOYHOE NepeBapMBaHMe 0OJOMKOB.
Puc. 14. ®oaauryn cepun A yepes 12 uacoB nocie ob:ayuenus. Kuerounriii feTpur » nuronasme
Makpodaros.
Puc. 15. Ouar rpanysonossa m Heapeshe 1sTa3MaTnIecKne KJICTKH y Tpalexyna (cepus B wepes
12 vacop mocisie obiydeHnn).
Puc. 16. T'pyuia rurauTCKuX KIETOK B KPAcHO# 1yene (cepus B gepea 24 gaca nocse obmydenus).

Puc. 1—8: ysesmuenue 375 x, puc. 9—16: ypenmaenne 950 x .
Taba. IV.

Puc. 1a — s@upHLIi Hapros mocse obnydenns, 16 — koHTposs. Jlnvdaruueckne Gosummicymnt
4epes 4 4aca mocsIe o0ayderns. B ROBTPOJIBHOM cejle3eHKe 3HAUMTeNLHAS CTlICHE Paclafa JuMpo-
LIATOB, B IOAONBITHON OTJe/IbHBEIE RICTOYHLIE OOJIOMKMY.

Puc. 2a — xumopanrujgpatossii Hapkos, 26 -— KoHTpPosb. JlaMmParmucckme (omamryaLl depes
12 4acos mocie obmyuenma. MamcmMyM pacHaia B Cele3eHKAX HAPKOTH3MPOBAHHEIX MBIUIEI .
B ronmrposme Goibimas YacTh KJETOYHBIX OOJOMKOB yiKe NCpeBapeHa.

Tabm. V.

Puc. 3a — sranonoBU Hapko3, 30 — woATposs. JImvparmieckne Gonuaryin depes 12 wacom
nocie obmyuenus. B KOHTPOIBHOI ceresenxe GoislIasg 4acTh KIETOYHOTO JCTPUTA yiKe Mepe-
BapeHa, B OIILITHOW €Te He HAaCTyIuJI MAaKCHMyM paciaja.

Puc. 4a — MOMUHAJIOBHI Hapros, 46 — woHTpOIk. JlmvMdatuyeckne Gomnmmrymnr yepes 17 uacos
noc e obnydenns. B cesesenke HaPKOTH3HPOBAHHOM MBIUN BCE IHE HAXOMATCH KIETOYHBIE 00JI0MKH,
B KOHTPOJILHON OHM yiKe 3a HeOOJBNINMU WMCK/IOYCHASMH IePeBADEHEL.

Puc. 5a — agmp nepen obmywennes, 56 — agup nocire oGiyaenus. Kpacmas myssma uepes 12 qacos
nocae obaysennd. [lpu npnmenerun supa nepey oGiydeHmeM KOJMIECTBO IPUTPOOIACTOB OLIBAET
3HAYHATEBHO OOJIbIIe,

Tabn. VI.
Puc. 6a — xmopanrmnpar, cepma A, 66 — xiopaarmipar, cepusa B. Kpacuast myasma uepes
16 4acos nocsie 006aydenna. B cepun A TOJIBKO OTACIBHEIE dpUTPOGIACTI, B cepun B — Mr0KeCTBO
9PUTPOBIACTOB ,reMONATO0AACTOB M GAB0PMIBHEX PETHKYIAPHLIX KIETOK.
Puc. 7. 9¢up nepex obmyuenmem. Kpacmas Iyaena gepes 5 wacoB mociie obsyucHus. Kpome
5puTpobIacTOB HAGIIONAIOTCA MHOTOYUCIICHHEE (asouibHLIe DPeTHRYIApPHHE KIETKU I FeMO-
BUTO0IACTEL.
Pnuc. 8. 3¢up mepen obmywenuwem. Kpacmas mynena depes 12 gacos mocne obnydcnns. Muoro-
upcIennnc OazopuipHbe dpHTPOOTACTH. 'eMOUUTOGIACTE OTCYTCTBYIOT.
Puc. 9. Xuopanrmapar, cepuss B. Kpacwas nmynbena gepes 16 wacos mociae obiydenumsa. [pynma
reMOIUTOONACTOR ¢ MY3HIPHROOGPASHEIME AAPAME ¥ 0a3oUILHLX 3pHTPOBIACTOB.
Pme. 10. Jliommnan. Hpacuas mynema uepes 12 wacom mocse ofuydenns. Ouar rpaHyJsionossa
¢ MHOT'OYHCJICHHBIMP MU3JIONNTAMU X METaMU3JIOIATAMH.

Puc. 1—6: ysemmuennc 375 x, puc. 7—10: ypenmuenme 950 x .
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Increased Tolerance of Heterografts in Newborn Birds

V. HASKOVA and M. HASEK

Institute of Biology, Czechoslovak Academy of Science, Department of Experimental Biology and
Genetics, Praha

Recetved November 11, 1956

The aim of the present work was to ascertain how heterografts survive in newly
hatched birds and whether the simultaneous injection of isolated tissue cells from the
donor would have an effect on the survival of the grafts. In order that the most
effective cell suspension should be used, a suspension of spleen cells or bone marrow
was taken for the injections, as a large part of these could proliferate futher in the
recipient.

Methods

Skin grafting: A testing system which had proved satisfactory for grafting from old donors was used.
Skin from the wattle and legs of an adult fowl was transferred to Leghorn white chicks and Peking
ducklings within 20 hours after they had hatched out. This skin is the most satisfactory for transplant-
ation purposes as it is thinner and more homogenous than the feathered skin of a fully grown donor.
The graft does not wrinkle and it is sufficient to use collodion only, without suturing. The finally healed
transplant differs considerably in appearance from the normal skin so that healing and the survival of
the graft on the donor can be observed without any difficulty. When evaluating the life of the graft, the
number of days following transplantation on which the first macroscopic signs of regression in the
primarily healed graft are given (change of colour, drying of the surface or prominence of the graft and
inflammatory reaction) and the day on which the whole graft falls off.

Preparation and injection of isolated cells: Spleen tissue cooled in an ice bath was removed from the
-capsule and homogenised by hand in a glass homogenizer or pressed through & platinum mesh, mixed
with the same volume of Krebs-Ringer phosphate. After centrifuging for 3—5 minutes at approxi-
mately 70 G, the sediment was suspended in Krebs-Ringer phosphate containing 10 i. units of heparin
per ml. After 10 minutes the suspension was injected intravenously into birds which had hatched out not
more than 20 hours previously, in amounts of 0.1 —0.4 ml. containing a known number of cells, which
had been determined in a Biirker chamber. Bone marrow was collected, immediately after killing the
-donor, into sterile Krebs-Ringer phosphate with heparin (10 i. units/1 ml.), suspended by a hypodermic
syringe, gently centrifuged so as to separate the fat and injected.

Determination of blood chimera: the 2.5—3 9, blood cell suspensions were tested by means of hen
antisera against guinea-fowl and turkey blood cells in titres of 1 : 64 and 1 : 128 and of duck antiserum
against goose blood cells (1 : 256). The tests were carried out in agglutination test-tubes. The blood cells,
together with the antiserum, were read off after 15 minutes at room temperature, then gently centrifuged
and again read off; they were then shaken for 30 minutes and read off a third time. In every case a micro-
scopic control was carried out.

Immunisation: Ducks were immunised at the age of exactly eight weeks, with four doses of 1.5 ml.
goose blood on alternate days (collected on the fifth day after the last injection) and reimmunisation was
carried out at 13 weeks with four doses of 4 ml. goose blood administered intravenously on alternate
days. The blood was collected on the fifth day.

Agglutination tests: The reaction of two drops of serum stored at —20 °C and mixed and diluted after
thawing, and of one drop of a 50 9, suspension of erythrocytes washed three times in physiological
saline was read off after 60 minutes at room temperature. Incomplete antibodies were determined by the
reaction in 20 9, equine albumin (Dunsford et al. 1953).
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First First
. . Total
macroscopic Total No. No. of colls | Taeroscopic | o -
No. of bird signs destruction of 0. O cOUs signs of estruc-
f destruction da bird injected destruction tion
o S (days) d
(days) (days) | (4%

2517 8 17 401 | 124 x 1081, v. 10 18
2518 8 13 402 | 124 x 1084, v, 8 10
2519 8 17 403 | 124 x 1084, v. 8 10
2520 8 15 405 | 124 x 1081, v. 20 26
2521 8 13 407 | 124 x 1084, v. 20 22
2522 8 13 413 | 124 x10%i. v. 8 chick died
2523 8 13 404 | 124 x 10814, v. 8 14
2524 9 13 part s. c.
2525 8 15 409 | 124 x 10%i.v. 8 10
2526 8 13 411 | 124 % 108 1. v. 15 17

67 10 13 416 | 124 x10%1i.v. 11 12

67 10 13 408 62 x 1081 v. 10 20

676 9 10 418 | 186 108 s. c. 12 14

675 9 10 412 | 155 x 108s. c. 18 20

668 9 10 415 93 x 10 s. c. 8 18

Tab. la. Survival of Turkey Grafts made to

Chicks within 20 Hours after Hatching

First
- macroscopic Total
A\l'?i.r (;) f signs of destruction
destruction (days)
(days)
2501 10 15
2502 8 13
2503 8 13
2504 8 10
2505 8 13
2506 8 13
2507 12 17
2508 8 13
2509 8 13
2510 8 15
2511 8 15
2512 8 13
2513 8 12
2514 10 13
2515 8 13
2516 8 13

Tab. 1b. Survival of Turkey Grafts
in One-day-old Chicks with Simultaneous
Injection of Suspension of Isolated Turkey
Spleen Cells

N No. First . Total
No. macroscopic
of . destruc-
of iniectod signs of tion
bird ln]e(ﬁ e destruction d
cells (days) (days)
1701 | 152 x 1081 v. 18 26
bone marrow
1703 | 152 x 1081, v. 15 26
1702 95 x 108 1. v. 7 12
1705 | 190 x 108 1. v. 10 14
1708 | 114 x 10%s. c. 7 14
(spleen)

Tab. 2a. Survival of Guinea-fowl Grafts Trans-
ferred to Chicks within 20 Hours after Hatching

Tab. 2b. Survival of Guinea-fowl Grafts
in One-day-old Chicks with Simultaneous

Injection of Bone Marrow or Suspension of
Guinea-fowl Spleen Cells

Heterografts from the wattle of an adult turkey and a fully grown guinea-fowl,
made within 20 hours of hatching, in chicks begin to show macroscopically evident signs
of regression on an average between the eighth and ninth day (turkey grafts: 8.53 4+
-+ 3.0.1919; guinea-fowl grafts: 8.3 4 3.0.284). If donor blood cells are injected
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at the same time, destruction begins on an average between the eleventh and twelth
day (turkey grafts: 11.7 4+ 3.1.23; guinea-fowl grafts: 11.4 4- 3.2.20). The
difference between the group which received the injection and those which did not
cannot be demonstrated statistically, or it is on the border of demonstrability
(turkey grafts: t= 1.395, P > 0.1 < 0.2; guinea-fowl grafts: t = 2.091,
P < 0.05 > 0.02). Tabs. 1 and 2 give the day on which the first macroscopic signs
of regression were observed (inflammatory reaction, drying of the surface, change
in colour) and the day on which the residue of the graft fell off. Fig. 1 gives a com-
parison of the length of life of the grafts (the values marked are the averages between
the day when the first signs of regression were observed and the day on which the
graft actually fell off).

The results of transplantation in newly hatched ducklings show that regression
of normal skin heterografts from the goose leg begins between the 10th and 11th day

First m.acroscopic Total
No. of bird No. of injected cells of d:;truction destruction

(days) (days)
1014 - 15 17
1016 — 9 11
1021 - 9 11
1022 - 9 11
1009 = 254 46 x 1084, v 32 42
1013 = 253 92 x 108i. v. + 184 x 10%s. c. 29 42
1018 =255 92 X 10%i. v. + 184 X 10%s. c. 29 42
1015 69 X 108i. v. 4+ 184 X 108s. c. 29 42
1019 = 256 46 X 108i. v 29 42
1025 46 x 108 i. v. 11 15
1026 = 258 46 % 1084, v. + 20 x 10%s. c. 21 30

Tab. 3. Survival of Goose Skin Grafts on Newly Hatched Ducks following Injection of Isolated Goose
Spleen Cells. Transplantation from Goose’s Leg carried out on 1lst Day

’ Titre
No. of bird
After 1st immunisation After reimmunisation In protein medium
254 0 0 0
253 0 0 0
255 4 2 0
256 0 0 0
258 2 2 4
Controls:

233 16 64
234 128 512
235 16 128
236 32 256

Tab. 4. Results of Immunisation with Goose Blood in Ducks following Injections of Isolated Goose

Spleen Cells
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(10.5 + 3.1.16). The injection of isolated goose spleen cells postponed the
commencement of regression to the 25th day (24.9 + 3.2.47). The influence of
the injection is therefore highly significant (t = 5.27, P < 0.001).

Ducks to which spleen cells are administered after hatching also tolerate blood cell
antigens. At the age of eight weeks, when immunised with goose blood, they do not
respond by forming antibodies (tab. 4), not even incomplete antibodies. When these
ducks and a series of control
ducks were given hetero-
grafts from the leg of a goose
again in no case did these
survive longer in the experi-
mental birds than in the
controls.

In chicks and ducklings
which had received inject-
ions, erythrocytes of the
donor species were not. found
in a specimen of peripheral
blood after 7—21 days.

201

Fig. 1. Comparison of the Survival of Homografts and Hetero-
grafts in Newly Hatched Chicks and Ducklings x: time in weeks
following grafting, y: percentage of surviving grafts. ¢ = survival
of heterografts from turkey wattle in newly hatched chicks, . .
b = survival of heterografts from guinea-fowl wattle in newly Discussion

hatched chicks, c == survival of heterografts from goose’s leg in

newly hatched ducklings, A, B, C = survival of same heterografts

with simultaneous injection of tissue cells, r = curve of survival It follows from the above
of normal homografts in newly hatched chicks (Cannon, Weber results that heterografts

and Longmire 1954), s = survival of homografts in newly hatched
ducklings (Hadkova 1957). transferred to newly hatched

chicks and ducks never sur-

vive permanently, as some
homografts do. A comparison is made in fig. 1. Whereas some homografts in one-
day-old chicks (Cannon, Weber and Longmire 1954) and all homografts in newborn
ducks (Haskovd 1957) still survived in the fifth week, none of the heterografts
observed still survived at that period.

The results likewise show that the period when the organism is capable of adapting
itself to foreign cells depends on the degree of taxonomic difference of the donor and
recipient. In newly hatched chicks to which heterografts were transferred, prolonged
survival was never found in spite of the fact that some birds were still in the adaptive
period for homografts. Homografts take and continue to survive in all ducks, but
with heterografts the same does not occur.

Following simultaneous injections, in which entrance of the antigen into the
recipient is more rapid, slight, statistically non-significant prolongation of the
average period of survival of grafts is found. A few individual birds, however, show
slight signs of tolerance (chicks 405 and 407).This trace is fully confirmed in ducks,
in which duration of the adaptive period is longer (Haskova 1957). Following the
simultaneous injections, the survival of goose heterografts is statistically highly
significantly prolonged. A general comparison shows that the adaptive period and its
culmination have no absolute delimitation but that they involve a developmental
process of the cells which participate in immunity response, which is dependent on
the conditions under which it takes place. The quantitative aspect plays a part not
only in the degree of immunological tolerance, but probably also in circumscribing
the period in which adaptation to foreign cells can still be evoked.
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In no bird which had received an injection of spleen or bone marrow cells was even
a transitory appearance of an interspecific blood chimera observed. An intraspecific
blood chimera in the adaptive period develops by the natural route in bovine twins
(Owen 1945), sheep (Stormont et al. 1953) and man (Dunsford et al. 1953) and has
been produced experimentally by intravenous injections in rat embryos (Ripley 1953,
cited by Owen 1954) and by embryonal parabiosis in chicks (Billingham et al. 1956).
A similar blood chimera has also been demonstrated following lethal irradiation
(Ford et al. 1956, Lindsley et al. 1955). The development of an interspecific blood
chimera in the adaptive period has been demonstrated only after embryonal para-
biosis between turkey and hen (Hraba 1956) and following irradiation a rat blood
chimera was obtained in mice (Ford et al. 1956, Nowel et al. 1956, Makinodan 1956)
and a hen blood chimera in turkeys (Hasek). It is possible that in order to produce
a heterologous blood chimera. it will be necessary in our experimental conditions
to damage, at least partially, the haemopoietic cells of the recipient. This question
will have to be resolved in further experiments. Nevertheless, the injection of
a suspension of spleen cells produces a total suppression of agglutinin formation.

Summary

In contrast to homografts, skin heterografts never survive on newly hatched chicks
and ducks. Direct transfer, therefore, does not lead to immunological tolerance of
their antigens. If newly hatched birds are injected with spleen or bone marrow cells
from the same donor, the survival of goose heterografts on ducks shows statistic-
cally significant prolongation. In chicks, the time of survival of guinea-fowl hetero-
grafts is not significantly prolonged.

A blood chimera was not found in birds injected with heterologous spleen orbone
marrow cells, but the suppression of the formation of immune agglutinins in ducks
injected with goose spleen cells is highly significant.

The communication discusses the limits of the adaptive period with reference to
varyingly distant foreign cells and.
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IToBbimenue COBMECTUMOCTH TeTepOTPaHCIIJIAHTATOB Y HOBOPOMHIEHHBIX
HHUBOTHBIX

B. TAIIKOBA u M. TAIIEK

Pesomne

PetepoTpancumanTarsl U3 CKIAIKN KOMKYM B3POCION MHICHKI MM CKIANKHM KOMKE
B3POCJION LeCaPKM, lepecasKeHHBe UBIIIATAM B TedeHue nepsrix 20 YacoB II0CJie
BBIKJICBHIBAHNA, HAYMHAKT HPOABIATL 3aMETHHIC M MAKPOCKONMYCCKM T PU3HAKU
NECTPYRIUN B cpefiHeM Memay 8-M u 9-M JHeM (MHIIONEYbH TPAHCILIAHTATHL:
8,53 + 3. 0,1919; rpamcmmanrarst or mecapok: 8,3 4+ 3. 0,284). [Tpu oHoBpemen-
HOM BIIPBICKABAHUH KIIETOK CENIe36HKA JOHOPA MAKPOCKONNYCCKU BAMCTHAS ICCTPYK-
nusl HauyMHAeTCss B cpemHeM Me;KAy 11-m m 12-M nHeM (TpaHcHmIaHTATHI OT WHIGHKHA:
11,7 + 3. 1,23; rpancmmanratel or umecapxm: 11,4 + 3. 2,20). Pasunna pesyms-
TaTOB €O BHOPBICKUBAHUAMM M 0e3 HUMX CTATHCTHYECKN He JOKazyeMa WJH HAXO-
AUTCA Ha TIpaHUNAX JOKAazyeMocTH (TPAaHCIIAHTATH OT uHmoOmEN: t = 1,395,
P> 0,1 <0,2; rpascmianratst or mecaprm: t = 2,091, P < 0,05 > 0,02). Ha
tabn. 1 m 2 npusomuTcs AeHb MPOABICHHA NEPBHIX MAKPOCKONMYECKMX MPA3HAKOR
ACCTPYKIMH M JeHb, KOTAA CJIYIUBAJICA OCTAaTOK TpaHcnjadraTa. Ha rpadmme 1
Mbl CPAaBHHBaeM IIOKA3aTENM MJINTEIbHOCTH BELKHBAHKS TPAHCIJIAHTATOB (HAHECHEH-
Hple TIOKa3aTejIl MPEfCTABIIAIOT cpefHee apHgMeTHIecKoe MesKAY NHCM TOSBJIeHus
NePBRIX NPH3HAKOB JECTPYKUMM M JHeM OTHANeHusA TPaHCMIaHTata). PesynpraThl
OTIBITOB TPAHCIJIAHTAIIMA Y CBE;KEBBUIYNINBINUXCH YTAT HOKA3LIBAIOT, 4TO HOPMATLHEIC
TeTepOTPAHCIIIIAHTATHL KOMKN ¢ HOTH HAYMHAIOT pa3pymarbes mexay 10-m um 11-m
muem (10,5 4 3 . 1,16). OgraKo BOPHCKUNAHAA KIIETOK, M30JIMPOBAHHBIX U3 TYCHHOH
CeJIe3eHKHU, OTOMBUTAJIM HAYAJ0 HECTPYKUMH Ha 20-bli meHb (24,9 4 3. 2,47).
TakuMm o0pasoMm, BiMAHNe WHBEKINH OKA3LIBACTCH BHICOKO CHIHU(DMKAHTHBIM
(t = 95,27, P < 0,001).

Y VTOK, KOTOPHM TOCJIe BHIKJIEBHIBAHMS BBOAWIACH KJICTKH CEJC3eHKH, IPO-
ABJIACTCA COMMeANe W 10 OTHOMEHHMIO K aHTUIeHAaM KPOBAHBIX Telem. B Boapacte
8 HefleNlb YTKM IPH UMMYHUBAIUH TYCHHON KPOBBIO He PeaTMpYIOT HII 06pa3oBaHieM
aHTUTeN T, HM 00pasoBaHWeM HENOJHBIX aHTATEN (Tabi. 4). ITHM yTKaM M cepun
KOHTPOJIBHBIX YTOK MBI Y3Ke BO B3POCJIOif cTajMy CHOBA HepecakuBajiM TPAHCIIIAHTAT
¢ rycuHoil Hord. ONHAKO OH HE B OJTHOM CJIyuae He BHIKMBAI I0JIBIIE, YCM B KOHTPOJTE.

B orimume oT roMOTpaHCIIAHTATOB KOKHBIE TeTEPOTPAHCTIIAHTATE Y CBCIKEBBILY-
NUBINEXCA IBIUIAT W YTAT HUKOTHA YCTOMYMBO He IIPMHMMAIOTCH. Kcam cBese-
BLITYNIABIINMCS YTATAM OAHOBPEMEHHO ¢ LiePecaiKol BIPBICHYThH KIIETKI COJIe3CHKI
UJ KOCTHOTO MO3Ta TOTO jKe IOHOPA, TO y YTOK B aganTuBHoM sTale ([amkona 1957)
MOJKHO 3HAYHTEJIBHO IIPOJNINTH BELKNBAHKE IeTEPOTPAHCILIAHTATA.

Mbi He HaGMIOMANIN KPOBAHOM XUMEPH! Y JKWBOTHBIX, KOTOPBHIM JIeAa/ich BIPHICKI-
Banuss. B crathe ofcyRnaoTes rpaHuIsl afalTHBHOTO HTANA [JIS PA3THYHEIX TY5KC-
PORHBIX KIIETOK M BCTPEYaeMOCTh KPOBSHOTO XMMEPHM3Ma, CO3IAONuleroca B TeUeHHCe
ATaNTHBHOTO 3TaNa WM B Pe3yJIbTaTe CMepTeIbHOro obiydenus ayyamu X.

.
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K Bompocy fesieHus sifiep Ipu pereHeparuy CKeJIeTHOR
MBI KPOJINKA

B. VKA
Boenuo-mepaunuackasa arajgemus fl. E. Ilypkunse, xadeapa Omonormu, I'pagen Hpasnose

Hocmynuao ¢ pedakyuw 25 X 1956

B nmrepatype 1o BOIpocaM KIETOYHOTO JleJIeHHs MY Peresepaiini MBI UK TPI
>MOPUOHAIBHOM MMOTeHe3e BCTpeuaeTcd W TAaKOH B3IVIAL, YTO MHINIEYHEIe ANpa
JNIeNIATCA [yTeM aMUTO3a MM QPAarMeHTaluH, N TAKOM, YTO OHU JAEJATCA yTeM MUTO3a.
ABTOPHI, KOTOPHIC OUACHIBAIOT CIYYal MUTO3a, MJI 110JIaraloT, YTO MATO3 BCTPeYaeTcs
TOABKO B PAHHUX CTANAAX SMOPHOHAIBHONO MUOTeHe3a, WL 0IYCKAIOT eTo 1 B Gonee
NOBJHEX CTANAAX y Maso fuQdepeHNUPOBAHHEIX ajeMeHTOB. JaBap3ud (1938a, 6)
u Xeilcuna (1948), ucciemosaBmme pereHEPaNMio MBI, HAXOMUIM MHUTO3 TOJIBKO
B MmoOiacTax, Toria Kak B Gosee muddepeHNIUpPOBAHHLIX 3JIeMEHTAX BCTPEYAJIN
TOJIBKO aMHUTO3.

Mbl mcenemoBaim THI KIIETOYHOIO [eJIEHWs IPA pPereHepamuy CKeJIeTHBIX MEIIIN
y KPOJNMKOB M HAXOMWIM KAK MHTO3, Tak M ammuros. HKaskmsli m3 dTHX cnoco6oB
llelleHnA MMeeT CBOe MecTO M CBOM Iepumoj HamGoibmeil BcTpedaeMocTH. B cBoeit
paboTe MH [laéM HOUBITKY OOBACHEHHA 3TOTO fABJIGHUSA HA OCHOBe HAGIIOAEHWs, YTO
B pereHepupymoLiefl TKaHN IPOTeKaeT HeJbli PAX OMoXMMUYecKUX HPONECccOoB, Pas-
JUYHHIX 10 CUJIe K KAa4ecTBY B TedeHUe PasiIMYHLIX mepuonoB. MMnysbcoM s 910r0
HAIIEro IPeIloJIOMeHUsI MOCIY KU HoBefimune paGoTsl, NOCBAIIEHHbHE OHOXHMAK
perenepanum.

Mamepuan u memodura

VY 36 KpOIMKOB 4acTh YeTHIPEXTJaBOd MelIIE Gefpa BeIpesasach TaK, IT00bl GOPIOIKO MEIUIEL
He GELIO MOJIHOCTHIO Mepecedeno. Uepes onpeneeHHBE IPOMEKYTKHE BpeMeHH (co 2-ro mo 130-buk
JleHb) KPONWKA yOmBaNCh, M 9acTh PaHH B MEluNe GEecHpoOBajach (OPMATAHOM, KEAKOCTBHIO
Helly, Bouin-a mam Zenker-a. Cpeasl B 7—10 4 TOXMAHON OKPAIIABAJIACE KEIE€3HEIM T'€MATOKCH-
smuom lafinerraiiga ¢ 203WHOM, ¢ MOMOImB0 peaknun no Memsrery, no van Gieson-y ¥ no MeToxy
ITannenraiima.

Cobcmeennusie Habawienus

B mepsbie mHM 1OCJe Omepamum Ipeol/ajaloT M3MEHeHWA Je3MHTEerPUpYoIero
xapaktepa. B mepecedeHHBIX BOJIOKHAX AfApa OBIBAIOT PACHOINIOKEHBI HEHTPAJIHHO
¥ TpefcTaBisAioTes 6oliee OBANBPHEIMA, KPYIHEIMI M CBeTIBIMEA. Yike Ha D-Blii—6-oit
JIeHb 10Cjle ONepaluy MOKHO BHIIETh MHTEHCHMBHOE AMHTOTHYECKOe JejIeHHe 3THX
Ailep: BHYTPH siipa ofpasyeTcA IepenoHKa, Pa3fenAonlas ero Ha jBe NpubIu3u-
TeNBHO OMHAKOBHIX uyacTu. J[lelJeHue IpoTeKaer, IOBHIMMOMY, O4YeHb OBICTPO,
TaK KaK BCTPEYANOTCHA Ilesible MEeNOYKU OveHb OJIM3KO APYT K APYTY PAcIIOJOKEeHHEIX
Afep. OTH CKOIUIGHWs HAXOJATCA IPeMMYINEeCTBeHHO B IiepecedyeHHHIX BOJIOKHAX,
HO BCTPEYalTCA ¥ B HePAaHEeHBIX, HeNOCPeJlcTBeHHO BOman passl. [lensmueca angpa
BCTPEYAIOTCH M B 3HAUNTEJHHO [e3MHTETPAPOBAHHBIX BoJoKHax (puc. 1). Hapymen-
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HBIC BOJOKHA IO KOHIAM PACHMPHAIOTCS, U jesanmeca Agpa o0pasyoT 31ech LEILIC
rpynnst (puc. 2). Kpome nesenus mepenoukoii BeTpeuaioTca M CIyuanm 1opMambHoro,
KJlaccuyeckoro amutosa (puc. 3). B aror mepuon nam me yxapasioch Hafitu Hu om0
MUTOTHYCCKON (QUI'YPEL — IPH 3HAYUTENIBHOM, KaK OLUJIO yike YKA3aHO, KOJIMUCCTBe
Pa3iImyHBX QOPM aMHTO3a B OTHX IlIpenaparax.

C mmronoruaeckoii TouKu 3peHus wATepecen Tepno vepes 9 xneit mocse oriepauuy.
31ech BOBHMKAIOT MBIICUHBIC TIOYKM, COREPKALNC MEJIKO3EPHUCTYIO CAPKOLITAZMY
U rpymnst Apep. Hexotopeie n3 HAX HPOSBIAAIOT HECOMHCHHBIC HPHZHAKI BOSHI KO-
BCHMSI 4epes CTajiiio nepenonku. fiapa 6nBaloT GeaHbl XPOMATHHOM I PACHOJIATAIOTE 5
B HECKOJNBRUX cJIOAX APyr Haj apyroMm. [loatomy ma dororpadum (puc. 4) onu npe;i-
CTABAAIOTCA Dosiee TEMHBIME. K 0GCHM LOYKAM Ha 9TOM CHHMEC 11 PUIICIAIOT MHTOTH-
UCCRU IeNIAMMEcss MuoGaacThl, KOTOPBHIC, NOBMANMOMY, OTUOYKOBAINCH OT 1MX.
Muwpodororpagus puc. 5 noxaseiBact HEGOABIIYIO TPYNNY CcBOGOIIO JAC/KANIX
KJICTOK HEMOCPEICTBCHHO 10 COCEACTBY OT HAPYMEHHOro BosokHa. Tpu MuoGnacra
CHATHl B PAas3iu4YHBIX (asax MmrTo3a. Crajuy MUTO3a MBICYHBIX DICMCHTOB — MUO-
611acTOB — TOKABKIBAIOT ¥ Clefylone cuuMin (pae. 6, 7, 8 u 9) Tar, KaKk MBI HAmiN
UX B IpenapaTax, Cc/eJaHHBIX Ha 9-pli faeHb mocse omepamun. Bo Beex cIy4asax
MHTO3 OJIIONAJICA B CBODOJHBIX KJETKAX, MUIO0JIACTaX, M TOJIBKO OJ(HII pazs (puc. 10)
Mbl HAIIW MUTO3 Ha KOHIE MBIIICYHOTO BOJOKHA. He uckmoueno ojmaro, uro sro
OBIJL MHTO3 B TOJIBKO 4TO OTJEJIMBIIEMCH MIOGJIACTE, TCM foiiee, 4TO BOJIOKHO BOIHM M
aToTo oGpasoBauns 6BII0 cpesano Hauckock. Ho u B 910T Mepumon BeTpewaoTes Afpa,
1 jame Aapa MuoOIacToB, KOTOPHE HefATes neperopopkoii. Muo6acTsl ¢ aMUTOTU-
UCCKM JlenAmuMucs sAjpaMu ObiBajor 6ojlee KPYOHBIC, CPABHUTESLHO UIMHHBIC,
8 B HCROTOPBIX CJIyYasAX MOMKHO IOBOPHUTH M O IPUMHTHBHBIX, T. €. O ABYAJEPHBIX
muocnMmiacrax (puc. 11). Hockombry MOMKHO CYINTH HA OCHOBARUN HAINUX CTATH-
YeCKUX M300pasienuil, THI KICTOYHOTO JeJIeHHs OKA3HIBACT BIMARNC HA NAJIbHCIIING
Cy}IL6BI MI’]OGJIHCTOB. ECJIII AAPO JACJNTCA MMTOTHYECKW, TO BO3HHKAIOT OHNATHB-TAKU
muobmactel. Tloce aMHTOTMYECKOro NeiCHNS A7pa CICyeT HC pasfieiicHue Beel

RJCTKM, a BO3HUKAET MHOTOSIAepHOe 00pasoBaHMe — MHOCHMINACT — a UO3IHeC
MHOTOANEPHOE MBIIICUHOE BOJIOKHO.
B Gomee nosuupix cranuax, — Ha 20-BIf IeHb HOCHe onepanun, — MOKRHO BUICTD

y#e HoBooGpasoBaHHEIE MBeuHse BoJoxkHA. OHI NPOXONAT BOAHOOOpasHOo. B nx
CApROIUIA3Me yiKe MMCIOTCA KaK MUOQMOPUIIBI, TAK M IONepeYHasl NOJ0CATOCTh.
Kpome BoJOKOH Berpeuaercsi HesHAUMTENBHOE KOJMYCCTBO MHOGIACTOB I MMO-
CHMILTACTOB. B mepummsum, oxkyTeBajomeM BOJIOKHA, BCTPEYAIOTCHA 3pelsie (uipo-
1Tl OHIB HOBOOGPABOBAHHBIX MBIEUHBIX BOJOKOH, BPACTAIONIMX B COCTHHU-
TeNBHYIO TRaHb, NMOCTENCHHO PACIIMPAIOTCA M YTPAuiBalOT CBOI CTPYKTYPY. B mx
OHOPOZHOM WJIM MCJIKO3EPHUCTOM CONEPRUMOM HAXOMATCS TPYHIBL NY3HPBKO-
06pasHBIX siiep, B WEHTPC KOTOPHIX 9YACTO MOJKHO BHIEThH neperopojiry (pue. 12).
(Cryyaes MUTO3a MBI B 9TOT LIePUON HEe BCTPCUAIIL.

Yepes Gomee mpogomKuTenibHBIE TPOMEKYTRY BpeMeHU 110CIIC onepamnu (40—130
AHeit) Ha0ojaeTes aRaJoTHYHAA U Bee Gosice TPUGIMMA0OMAACH K HOpMe KapTiHa.
Onnako BOMOKHA GBIBAIOT OKPYIKEHBI COCMMHUTEIBHON TRAHDIO, UTO HPOTUBOPEYUT
naGmonennam Rovati (1953), Crymurcxoro m Crpuranosoit (1951). Paspacranne
COCJWMHUTEIIBHON TKAHH M HEHOHOC BO3MEIICHIe MBIICYHEIX BOJIOKOH 1P HAMNX
ONBITAX MBl OOLACHSAEM TeM, 9TO Mbl YAAJIAIN CPABHUTCIBHO GOJBIIVIO YACTH MBI
(Bccom 10 3,5 1).

Hucryccua
IIpu pereneparmm Mpimiisl aMATO3 NPEICTABIACT MPCOGIANAIONUIL CLOCOD syCp-

Horo gesenus. OHAKO B OTNpeesICHHNIL ePUOJ perencparmy (Ha 9-Liii jenn nocse
oTepanun) Mbl HAXOJAMJIM MHOKECTBO MHTOTHYECKUX (UTYP, JIOKAIMOBAHALIX Talk
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YTO HOYTH HEBO3MOKHO COMHEBATHCA B UX Y3KOU CBABM C CJIAIMMUCH aMUTOTHYECKI
ANpPaMH MBIMEYHHIX HouyeK. V3ydyeHue Hamero MaTepualia NOKa3bIBAeT, YTO MUTOTH-
HecKoe JleJleHNe IPOUCXOAHUT U B TAKUX AZPaX, KOTOPHE BOZHUKIIM MyTEM aMUTO3a, —
BOILIPEKH YTBEPIKIGHMAM HEKOTOPHIX IUTOTeHeTHKOB, KOTOPHIE He JOIYCKAKT TaKoil
BOBMOKHOCTH.

Mpr nomnsiTanudch BBISICHUTh NPUYNAHBEL YEPEXOBAHUA AMATOTHYECKOIO M MMTOTU-
dyeckoro menenHus. Hambomee mpuemiteMoit u3 psaga paboumx TUIOTE3 HAM KajyKeTcs
Takoe 00'bACHEeHWE UYeDeOBAHMA 3TUX JABYX THIOB KIIETOUHOIO J@JIEHHA, KOTOPOe
UCXOJNT U3 BHIPA3HTEJIbHAIX OMOXMMHYECKHX M3MeHeHMil B TedeHue PA3iNMUHBIX a3
perenepanun. Mceaenysa pereHepammio nedenu, Lang (1952) morasam, 4To mesoxcn-
pubonyKIeOoTHAE 00pa3yIOTCA TOJILKO OPH JejleHu# KiIeToK. Tsuboi ¢ corp. (1954)
He3aBUcUMO OT JlaHra, HO Ha.TAaKOM jKke MaTepuajle M INPAKTUYECKH IPH TeX jKe
YCAOBUAX ONMBITA NOKA3aJIU 3aBUCHMOCTD Je30KcupuooHyKaennoBux Kucjor (IPHE)
OT TUTA KieToyHoro fesieHus. OHU yTBepsKEAoT, Kak u Jlaur, uto JPHK cunrern-
BUPYIOTCA TOJIBKO TPU MUTOTHYECKOM felieHud. MBI e TojlaraeM, d9To aMUTOTH-
4ecKoe JiejieHNe B IEePBHIM HePHUOH 3a/KHBJICHAS OCYIIECTBIAETCA MOTOMY, YTO TKAHB
B aroT nepnrof, 6sBaer Gorara [JPH xucmoramm. Hocne ueromenua zanacos J[IPHIK
B pe3yJjbTaTe YCHJIEHHOTO AMHUTOTHYECKOTO [eJIeHHs HACTyNaeT HepHOl MATO3a,
B TedeHye KOTOPOTo TKaHb cHoBa oboramaercs [APH wucmoramm. Ham B3rasap,
OnMpapIuiicsa Npesie Bcero Ha paboTH MO OGMOXMMUM, COOTBETCTBYET U OTKPHITHAM
Hmurpnesoit (1954), KoTopas HpoU3BOANIA TUCTOXMMHYECKNE MCCIIGNOBAHUSA COJIEp-
wanua JIPHK npu peremepamum nomepewronomocatsix Mbemmn y Kpbicsl. OHa mpu-
BOIWT jaHHBE, uro cofgepxanue [IPHH naumpaer mamaTe yike B TeueHMe TepPBbIX
24 uwacoB mocse omepamuM, TOrAa Kak Ha 6-0# W 7-0d HeHb (T. €. B NEPUON, KOIJa
Wrnarsena (1954), uccienoBaBinast pereHepanuio CKeIETHBIX MBI Y KPBICH, HAX0-
nana mutoss) — cogepskanue APHH pesxo moemmaerca. Tawkum obpasom, u arta
pabora HoxTBep;KIaeT NPABUIIBHOCTH HAIIETO TPENIOJIOMKeHNAs.

Peswome

1. Ilpn pereHepanmuu CKeJETHBIX MBI KPOJIMKA upeobiamaer aMuto3. Mutos
TOABIACTCA B 1I6pHOJ HanOOJIbIIET0 Pa3BUTHA MHOONacTHYecHOW (assl, — B HANIEM
onplTe Ha 9-Bli JeHL IOCie OTepaIH.

2. Ilpn MuATOTHUYECKOM [efleHnu Mro0IacTOB BO3HMKAIT ONATH-TAKH MHOGIACTHI,
HO Tocjie aMuTo3a MuobGiacTsl AuGPepeHHUPYIOTCH fajiee W W3 HHUX BO3HHKAIOT
MHOCUMIIJIACTHI.

3. B Bompoce wepemoBaHMs aMmTO3a ¥ MHUTO3a aBTOP 3aINAINNAeT B3TJIAN, UYTO
B peaynbrate OBICTPO OCYMIeCTBIAAIUIEIOCH aMATOTHYECKOTO IEJIeHNA NCYePIBIBACTCH
sanac pesoxcupubonykiewHopnx kucior (JIPHR), mocne uwero wmerkm pemnatcs
mutorndecku. Tak sanac [IPHK momonuserca mo tpeGyemoro ypoBHS, KaK BHITEKaeT
13 paboT HEKOTOPBIX ABTOPOB, KOTOPHIE MOKA3aJld, 9TO IPH MUTO3€ OCYIEeCTBIIAETCH
cunres HIPH K. Ilo ucrevennu mepmoma MmTo3a cHOBA OBLIO HAIEHO AMHTOTHYECKOE
JesleHme sjep.

4. YepemoBanyie aMUTOTHYECKOTO M MUTOTHYECKOTO JIEJIEHMS 3TO OOBIUHOS SIBJIEHUE
JIpU pereHepanud MHINIEL. BB HailijeH aMUTO3, HpeXIIECTBOBABIIMA MHUTO3Y TpH
JIeJIeHUU OJHOIO W TOTO jKe Afpa, XOTs GopMaIbHble FeHeTUKHE He OTYCKAKT TAROH
BOBMOHOCTH B HHTepecax TeOPHU MHAWBUIYAIBHOCTH XPOMOCOM.

(Taba. VII, VIII)
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FOLIA BIOLOGICA

Tom. II1. (1957) — Fasc. 1.

K Bompocy cTpyKTypH BHpyca TabauHOl MO3auKu

B. BEICTPULIKHUNA
Bupyconormaecknid macTutyT YCAH, Bparuciasa

Ilocmynuao ¢ pedaxyuto 24 X 1956

[loBepXHOCTHAA M BHYTPEHHAA CTPYKTYPa BUPYCHBIX 4acTHI[ Ta0auHOW MO3aMKM
(namee BTM) siBiisieTcsi MpefMeTOM Yike CPaBHHTENILHO OOIMMPHBIX HCCIICOBAHMM.
B mnocnennee Bpems, Hamp. Schramm (1955) mabmiogan B anKajnudeckod cpene
pacuag uwacrmm BTM ma ToHKHe Kpyoukm, amamerpom B 150 A, um Tommmmoit
B 50—100 A, ¢ oTBepcTmeM B meHTpe, muaMerpoM oxodo 34 A. C momompio siex-
TpoHHON MumEpodoTorpadUE eMy yAaloch TAKKe CHATH BOJOKHA PHOOHYKIIEMHOBOM
KUCJIOTH, TOJIMUHON NprOIN3UTeNbHO B 34 A. On nomaraer, uro maGmopaBmuecs
1M KPY/KOYKHM GHBAIOT y WHAKTHBMPOBAHHHIX YACTUN HAHM3AHK HA BOJIOKHO pubo-
HykyenHoBo#l KucioTsl. Cyxos (1953), mcxond, mMexmy npounm, u u3 pabor 'epunka
{1953) otHocuTenpHO pacciabiaeHus CTPYKTYpH OGakTepmodara MOJ AedCTBHEM CO-
OTBETCTBEHHBIX IIOBEPXHOCTHO-aKTUBHEIX BeIIECTB, IIOJIATAeT, 4TO eMy YAajoch,
obpabaTeiBas yacTEnsl BTM aTHIOBEIM cHupTaM, ceaTh HArdAQHOW WX CHAPAalb-
HYI0 CTPYKTYPY.

Watson (1954) u Franklin u Klug (1955) uceaenyior crpysrypy BTM ¢ nomomsio
paszbopa AuPPPaKIMOHHOTO PHCYHKA PEHTTeHOBCKHX Jyueil. B cBoeil mocmemHeit
pa6ore (Franklin, Klug 1956) aTu mcciemoBaTem NPUXOJAT K 3aKIIOYEHHIO, UTO
no nosepxHocTa vactur, BTM BuHT006pa3H0 MPOoXoauT #e1000K (K cOOTBETCTBEHHAA
rpaHBb), OTBeUAIOMIE CIUPANHK TIABHOM GeKoBoii menn ¢ noxbémom B 23 A. Tny6una
BUHTOBOM Hapesku GmBaer oxono 30 A. OTHocurenbHO rpaH¥ BHHTOBOHE Hape3KH
aBTOPHL 10JIArAI0T, YTO OHA MPOXOJMT He HEMPEePHIBHO, a COCTOMT M3 PANA MIYIIHX
IPYT 38 APYTOM OTPOCTKOB, OTXOAAMMX OT OTAENbHBIX 3BEHLEB IJIABHOM CIHPAJb-
HOHN menw.

Onupasce Ha ykasaHuole paborst epuwka m CyxoBa, MB XOTelu MOUHTATLCH
paccaaburs cTpykrypy mamodek BTM, o6paGaTeiBas MX COOTBETCTBEHHBIMH XWMH-
KaluaMY, ¥ clellaTh m300paskeHus mOX00HOH AMCCONMUPOBARHOR CTPYKTYDH € IO-
MOIBIO HJIEKTPOHHOTO MMKPOCKONA (IpudeM TOIZa HaM eimle He OBUIM HM3BeCTHHI
paGorsr Franklin-a u Klug-a (1956).

Mamepuaavt u memodsr

M= moab3oBaiuch nypufuxarom BTM, mpHroTOBIEHHHIM ¢ IIOMON(bI0 KOMOMHHPOBAHHOM Tex-
HEKE NypAQUKANHA HyTeM OCAMAEHHA CEPHOKMCJIEIM aMMOHHEM WM CKOPOCTHOTO HeHTpudyrmpo-
BaHMA. 32 NPeNOCTABJIEHNEe OYMIEHHKHX 00pa3oB aBTOP M3BABIAET GJIArONAPHOCTH COTPYAHAKAM
uneTHTyTa HEK. @. Corony n mmx. I'. Pyrrrato-Henenkomy. [iia npuroToBiieHMs npenapara Mal
obpabatrBanu BUpyc B TedeHWe OUpefeIeHHOr0 BPEMEHN W NPH ONpE/e]IeHHOA TeMneparype 3TH-
JIOBEIM CIIMPTOM (MJTM e KaKAM-HHOYRb NPYTAM BemeCTBOM), IOcje d4ero pasBogmun obpasen
JIBAYKBI IECTH/LUTAPOBAHHOM BOZOW M HAHOCHJIA MAKPOKAIIIO HA KOJUIOAMIHYIO IVIeHKY. Bricoxmue
fIpenapaThl HANBIISINCH XPOMOM M HCCIIEAOBAJIACH ¢ TIOMOIIBIO 3JICKTPOHHOTO MAKPOCKOIIA CHCTEMBL
Siegbahn-Schénander.
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Pesyavmamut u o6cyacdenue

[IpenBaputespHbie ONBITH IPH KOMHATHOIL TCMICPATYPC ¢ MCIOIB3OBAHUEM allc-
TOHa, 2¢Upa, HTNIOBOTO CIUPTA M MOYCBUHBL HC Ja/M CYHICCTBCHHLIX H3MeHeHui
B CTPYKTYpPE YacTHIl, XOTA y HEKOTOPHIX HPeNapaToB MB MOTJIM OTMETUTH M3BECTHOG
VBeJim4eHMe, «pa3dyxaHue» LajJoueK HOJ JelcTBUEM aleTOHA U BTUIIOBOTO CITUPTA.
PeaympraTsl, 0 KOTOPBIX MBI 3j{ech JOKIANBIBACM, OB 1IOIyYeHb 1LyTeM 06paloTiu
STUJIOBLIM CUUPTOM (KOHUEHTPHMPOBAaHHLIM uypuduxar BTM wm arumoBsni cumpr
B cootTHomexun 1 : 1) u 1PU TOBBIMCHHO Temilepatype B 37 °C. Puc. 1 upejcrannsier
nypupnrar BTM, xotoprlil HemescHHO oCC Hpnodlmuum cunpra OBl pasBelieH
10 HeoOXOAUMOM KOHIEHTPAIIMM JICCTHIIIMPOBAHHOI BOJIOM M HAHECCH HA KOJJIOMNII-
nyio naesky. Ilagouxun BTM eiie ve namenusmces. HeoOxopumo ormernts HeGombmuie
CKOILTIEHMSI MEJIKUX KPYIJIBIX YaCTHI[ HEIOCPEICTBEHHO 110 COCCHCTBY ¢ HEKOTOPLIMI
nanmouxkamu (puc. 2). Msr nomaraeM, uro 810 — amcopOWpoOBaUHLIC U3 CPEIBL  1C-
BHpYCHEIe OCJIKM, KOTOpBIE OTHeluiuch OT NoBepxHoctu wactuiy BTM. Pasmeps
DTUX MCJIKMX IAPAKOB GHBAIOT NPUOIMSUTENHHO HECKOIBKO JCCATKOB A. Tocae
24-vacoBoro feilcTBus ITHIOBOrO cnupra npu 37 °C. HeT eme CKOJBKO-HMOYilh
CYIECTBEHHLIX N3MeHeHWIl, XOTA KOJHYecTBO OTIeNsonuxca HeGoJbLIMX YacTHIL
BHAYATCNBHO ToBHmaercs (puc. 3). Cpenw mamovex BTM 3aMerHbl BBIIICONHCAHHbIC
MCJIKAE DA PUKY, KOTOPBIC HOM ICHCTBUCM 3THIIOBOTO CITHPTaA, KaK KajCTCs, VBOILUIM-
pajoTes. Crepyommmil cHEMOK (pue. 4) moxaspiBaeT mpemapar Hocnie 48-vacoBoro
AeifctBng 3srmnoBoro compta upn 37 °C. OTuernmBo BUJIHO YBenudeHue o0bLEMA
MHOTHX DaJIOYCK ¥ WX pacnajl B mapuku. MOKHO OTMETUTH PA3JIMYHBIC LICPEXOJIHbIE
craguu. O4eBHAHO, UTO CHMPT AEHCTBYET HA YACTHMIE He ONMHAKOBO: Y HCKOTOPHIX
YACTUX YBEJIUUMJICA TOJIBKO MX 00BEM M HPH 3TOM CTaJjia HATIAKHONH LPABHIBHOCTH
CTPYKTYPBl IOBEPXHOCTH, — losgca (puc. 4a); y Apyrux 3amerHa Ooee MOBIHSIsH
cTapus felictsusa cnupta (puc. 40). Mecramu HacTyHaeT LOJNHBI paciajl Ha CPaBHU-
TeJILHO KPYIHblC Kpyrieie obpasoBaHus. [lpoctpancrsa Mesxny namouxamu BTM
OBIBAIOT HOKPHITE HOJBMNM KOJUYECTBOM 3ePHUCTOTO MaTepuala ¢ ilapuKaMm pas-
JINYHBIX Pa3MepoB.

[Tpu crenyiomeii cepuu OULITOB MBI YCTAHOBHILL, UTO I B KOHTPOJIBHOM ITpernapare)
Oes cnmpra, T. €. DOABEPTABLIEMCST HCKIIOYHTENBIO IeHCTBIIO IOBRINCHHON TeMllepa-
Typsl B 37 °C, uepes 44 vaca HACTYNUIIN 3aMeTHBIe MBMEHEHW: JiMHeitHoe (oslee YeM
TpoeKpaTHOe yAJuHeHNe nanouyck. IIpw aTom oTyermuBo BelcTynMIIA HoJlee MM MCHCC
NpaBuibHag BOJHMCTAA CTPYKTYPa UX KPaeB, CBUAETEIBCTBYIONAS O HePaBHOMEPHOM
pasOyxaunu B mupuny. Puc. 5 nmokassiBaer 44-vyacoBoe neiicrBue crmpra 1upu 37 °C,
a puc. 6—44-wacoBoe peficrBue OpHOI TOMBKO Bomwl (ramsme npu 37 °C). Ha srom
locjIe[iveM DperiapaTe MBI HaOMIONAIM pacnajl B MeJIKne, KPyTriible 4acTUIhl ¢ Hosee
TeMHEIM MECTOM B I[EHTPe, IPEJCTaBIAIINM, BOSMOKHO, OTBepeTre. Brons riaBHOIl
ocn pazdyxmux masouex (puc. O u 6) otueranso BugHA Gostee TemHag noyoca. TpyuHo
cKa3aTh, B KAKOIl cTelleHU DTO ABJICHJC MOMKHO OTHECTH Ha CYeT CTPYKTYPbLL 4acTull.
Mosxno 05110 Gbl TPCANOIIOKUTE, YTO TICHTPAJIBHBIC YACTH MCXOAHBIX YACTUIL A0
HeHBI MeHee IIOTHOM Maccoll MJIH COBCEM ILVCTHIC, UTO TIOTOM 0COOEHHO BBIPABUTCIILHO |
npoABIICcTeH NMpu pasdyxanum wactnil. B pasmesennom Bomoit mypudmrare BTM,
KOTOPBLL B TeUCHIE JIIPOJMOTIAUTEIBHOIO BPCMEH] CTOSI B JICJUTIKC, MBI TIOCIIC 0001010~
CTOPOHHEI0 HAlIBITEHMH METAaJIOM HAIJIM OTHEeNNBIINECS YACTHILI PA3IUUHOI Bejn-
UHHEL, ¢ OTBePCTUAMN B ieATpe (puc. 7). Chenyer oTMeTuTh, 4TO IO CUX 1IOP HAM HU HA
OJIHOM U3 TIPeTiapaToB He YIaBasioch HAGIOAATH OMIcanHble B uTeparype (Schramm

955) BomoKHAa PUOOHYRIGUHOBON KHUCIOTH. [IJIs1 MOMOJIHEHNA BHIIEMSIIOHCHHOI O

HPHBOAMM CIIC CHHMOK B BEICOKOH cTelleHHN oummnienHoro mypudurara BTM (puc. 8).
{Typupurar Opur pasBejieH ACCTHITMPOBAHHON BOMOW M HEMEJUIEHHO HAHCCCH Ha
ROJJIOAMHHYIO 1JIEHKY. ¥ 4YacTHI HC ObLII0 3aMCTHO HMKAKOH CTPYRTYPHL
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M5l oJlaraeM, 4TO HaM YHAJOCh, MeHCTBYA STHJIOBEIM CUMPTOM IPH TMOBBIIEHHOMN
TemmepaType Ha majouxks BTM, nokasarb, uTo OHM HOABepraioTcs pasdyxanuio
HepPaBHOMEpPHO, M 5TO IPOABIAETCA B TOM, 9YTO CTPYKTypa Tajio4eKk CTaHOBUTCH
suamMoit. llupuHa yBeNWueHHHIX WacTHI Ha puc. 6 mocTuraer npuGau3nTeNBHO

Puc. 7. Hypudmxar BTM mociie 060I00CTOPOHHETO HATKUICHHA XPOMOM.

700 A, T. e. oHa IpuGIM3KUTENBHO B 4,5 paza GosbIIe HOPMAJIBHOW MMPUHEL HAJIOUeK
BTM (xax ussecrro, 150 A). OueBmpso, uro 5Ty pasHMIy CIeAyer HPUIUCATH
BIMAHMIO CUMPTA ¥ HambiyleHnsA. CTaBmume BuAuMbiME Hosica (pue. 4a) GhiBaloT
B mupuny okosio 100 A. Ecan npeamoo;Kuts, 9T0 ¥ 578 BeIHIMHA NPHOINBATEIHHO
B 4,5 pasa Gosblle MCTHHHOM (XOTA B HANPABJIEHWH IPOJOJBHON OCH HAJIOUKA Jiel-
CTBHE AJIKOTOJIAi ¥ HANBUIEHWS CKasblBaeTcs, BEPOATHO, 1O NPYroMy), — TO [l
INPWHBl 3TUX NOACOB HOJYYAeTCA 3HAUEHHEe OKOIo 22 A. Bosmomuo moatomy,
4TO HaM yAAaJoch CJesaTh HeNOCPeJCTBeHHO BUJMMBIME BUTKH HA IIOBEPXHOCTH
nanouers BTM, Hammume KOTOPHIX KocBeHHO fokasaHo Franklin-om u Klug-om myrem
JudPpaKIMOHHOTO aHANM3a ¢ IOMONIBIO peHTreHa. HenpasuibHEIe OTPOCTKH IO
croponam nanover BTM (puc. 5 u 6) Morim Onl HpefcTaBIATH yBeJNYeHHEIe B He-
CKONILKO Pa3 MOJ JelicTBMEM CIMPTa, BOB U TeIIa ¥ HePABHOMEPHO pearmpyiomiye
Ha YCIOBHS OMBITA YACTH 3BEHbEB CIMPATLHO CBEPHYTOH IJIaBHOW GeKOBOM memd,
u3 Kotopoii, no muenmio Franklin-a m Klug-a, coctomt rpanb BUHTOBOH Hape3Kku
Ha noBepxHocTH Masodek BTM. OTuersimBo BUAHAA NOCDeMHe HANOYKH (B HAPAB-
JIeHHH TPONOABHON OCH) NMOJT0CA M KPYTrJible aCTHILL ¢ OTBEPCTHEM B IEHTpe Taw:ke,
BEpOATHO, TPENCTABIAIOT PEANbHO CYIIeCTBYIONWe CTPYKTYpH mazodex. IlyTem
NpnGAN3ETENIBHONO U3MepPeHus (TOUHOe M3MepeHHe HeBO3MOMKHO) PasMepoB OTBep-
CTHiA B OTMeMAONMXCA 4acTHIAX, KAK W MPONOJBHOM MOJOCH HA CHAMKAX O u 6,
110JIy4aI0TCS BeIMUMHBL, KOTOPHE KONeGIOTCs OT HeCKOJBKUX JIeCATKOB IpHOIM3u-
reapro o 200 A. MoskHO BujeTs, 4TO OTHenwBImMecs dacTnisl u majouxkn BTM
HEeTIPABIJILHO, HEePAaBHOMEPHO OTBEYAIOT HA JleficTBHe NOBBIMEHHOH TeMIeparyphl
n cuupra. OnHaKO MH II0JlaraeM, 4TO HAJIHUAe JTHX CTPYKTYP MOKHO CYHTATh
JIOKA3aTelIbCTBOM TOTO, YTO M B IIGHTPe MCXOTHHIX, HeBHIOW3MEHEHHBIX YaCTHI[ Ha-
XOIUTCA TOJOCTH, KaK yTBepskpaer, Hanp., Caspar (1956), KOoTOpHIA Ha OCHOBAHMM
OLEHKN DKBATOPHAJBLHOTO PACCESHUS PEHITEHOBCKHX Jyuell OPHEHTHPYIONUM IelleM
BTM, xak # pacueTa TycTOTH 3JIEKTPOHOB YCTAHOBWI, 4TO BHYTpH nanouex BTM
IPOXOIUT TONOCTH muamMerpom B 19 A.

(Taba. I1X, X, XI, XII)

61

Approved For Release 2008/04/10 : CIA-RDP80T00246A002900500011-3



Approved For Release 2008/04/10 : CIA-RDP80T00246A002900500011-3

Jdureparypa

Cyxos K. G, Huxundopona, I. C.: O cnupaleBmgaoM CTPOCHIH YaCTHII BUpYyCa
Mmozanky tabara. JJAH CCCP 90 : 671, 1953.

Caspar, D. L. D.: Structure of Tobacco Mosaic Virus. Nature 177 : 928, 1956.

Franklin, R. E., Klug, A.: The Splitting of Layer-Lincs in X-Ray Fibre Diagrams
of Helical Structures: Application to Tobacco Mosaic Virus. Acta Cryst. 8 : 777, 1955.

Franklin, R. E.,, Klug, A.: The Nature of the Helical Groove on the Tobacco Mosaic
Virus Particle. X-Ray Diffraction Studies. Biochim. Biophys. Acta 19 : 403, 1956.

Her&ik, F.: Problém bakteriofiga. Praha 1953.

Schramm, G.: Uber dic Struktur des Tabakmosaikvirus. 111. Der Zerfall in alkalischer
Losung. Z. Naturforsch. 10b : 481, 1955.

Watsomn, J. D.: The Structure of Tobacco Mosaic Virus. I. X-Ray Evidence of a Helical
Arrangement of Sub-Units around the Long-Axis. Biochim. Biophys. Acta 13 : 10, 1954.

On the Structure of Tobacco Mosaic Virus

V. BYSTRICKY

Summary

Particles of the tobacco mosaic virus which had been exposed for 48 hours to the
action of ethyl alcohol at a raised temperature of 37° C were studied by the’electron
microscope. On the surface regular bands, with an actual breadth of 22 A (calculated
from the swollen particles) were observed. The particles were several times enlarged
by the effect of the alcohol and heat. The structures observed are considered to be
identical with the surface structure of particles of the TMV (the screw-like spiral)
found by Franklin and Klug (1956). In preparations exposed to the action of alcohol
and also in control preparations, in which the particles of the TMV in bi-distilled
water were exposed only to the action of raised temperature, fragments of particles
with an opening were found, together with particles with a clearly discernible
central band running in the same direction as the main axis and other particles
with irregular processes protruding from the side. We are of the opinion that the
openings in the fragments, and also the less electron-scattering band, in preparations
of particles enlarged irregularly and several times, represent the hollow, internal part
of particles of the TMV, demonstrated by an indirect method by Caspar (1956).
The irregular processes might also represent enlarged sub-units of the main, twisted
protein chain, of which, according to Franklin and Klug, the edge of the spiral on the
surface structure of particles of the TMV is formed. '

(Tables 1X, X. XI, XII)
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Hparkxue coobmenusn Brief Reports Kurze Mitteilungen

The Question of the Conversion of Serum Globulin into Antibody
by means of the Influence of an Antigen

J. 8STERZL and Z. TRNKA
Institute of Biology, Czechoslovak Academy of Science, Department of Microbiology, Praha

Received September 14, 1956

Although many experiments have been carried out with amino acids, using labelled isotopes, in which
it was found that antibody formation involves the formation of the protein molecule de novo (Gros,
Coursaget and Macheboeuf 1954, Green and Anker 1954), the possibility of the conversion of the complete
globulin molecule into & molecule of the character of an antibody as a result of the influence of the
antigen is still postulated. These conclusions are based primarily on the experiments of Pauling (1940,
1942) with antibody formation in vitro. It was not possible, however, to reproduce even these experi-
ments in vitro (Kuzin and Nevreava 1947, Hrube$ova 1957).

Our own experiments demonstrated that the conversion of normal globulin into antibody by the
influence of the antigen is impossible not only in vitro, but also in the organism. The protein composition
of the serum was determined electrophoretically in newborn rabbits which had not yet commenced
sucking. All the serum protein fractions were determined in all sera collected immediately after birth
and also on subsequent days (fig. 1). These findings are in agreement with the findings of Brambell

v

y-globulin albumin y-globulin albumin

Fig 1. Electrophoresis of the sera of young rabbits collected immediately after birth. A, B, C, D:
different rabbits from the same litter.

(1951, 1954) that in rabbits the serum proteins are transmitted to the young by the mother during
uterine life. The injection of antigen in young rabbits in the period when their blood contains a sufficient
amount of p-globulin does not lead to antibody formation (fig. 2).

By injecting antigen into young rabbits whose serum contained normal y-globulin, it was demon-
strated that fully-formed globulins are not converted into protein molecules of the character of an
antibody by the influence of the antigen, even in vivo.
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Fig. 2. Antibody formation in young rabbits following intraperitoneal injection of antigen S. para-
typhi B (108 micro-organisms/ml)
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M. Hpacauura u M. I'uas: PanHuae LUTOJOTHYECKNC UBMCHCHMSA s oLuTA PHOI Tab.r. 1.
I MUDJIOMIHOH COCTABHBIX YacTei MBIUIMHOW
CCC3CHKM TOCJIE PEHTI'eHOBCKOrO OOIydcHHs.

TereTol K PACYHKAM eM. cTp. 47.
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M. Hpacaunra w M. Fuaa: Paunie mitosoryec ke H3MEHCHIL JniMdotraphoii Tado. 11,
M MHUDJIONJHOH COCTABHBIX YACTCH MBHIITHOM
COJICBCHRI 1OCTC PEHTICHOBCROTO OO IVUCHIS .
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B. ITyoca: R Boupocy e, 1CHIsE sCP HPH PEICHEPALUTI ¢KEICTHOI MBI Kpoaka. 1adsr. VIIL
Y )

Puc. 1. Mpuuna kposnka depes 6 jgueii mocle paHeHnsi. I'pynna Afep Kak pesylbTar AeileHMs
neperopofko#t. — Puc, 2. Mumua kposuka Yepes 6 aHeit nocae paseus. Havaso oSpasopanus
UenoYKu. B KoHlle BOOKHA Ipynma TecHo NpUIleraloluX Apyr K Apyry #afep. — Puc. 3. Msunma
KpoJliKa depes 6 aHeit mocie panenus. Hopmadbuelit amMuTo3 HA HepuepHnl MBIICYHOTO BOJOKHA.
Puc. 4. Memumia wponnka Yepes 9 gHelt mocie paHenna. K MbluedHBIM MOYKAM TpUIETAIOT MIO-
0aacThI, B KOTOpHIX MpoTeKaeT Mpoliece MuTo3a. — Puc. 5. Mbimna Kpoamka wepes 9 AHed nocie
paHenns. Mutossl B mMuoGiacTaX HAa KOHIAX HApYIIEHHBIX MBIIIEYHBHIX BOJOKOH., — Puc. 6.
Mpnnna xpoauka depes 9 mHedi mocse paHenus. Murtoss B MuoGiacrax.
Puc. 1—3: ®ukcanua GopMalnHoM, okpacka no van Gieson-y.
Puc. 4—6: Qurcauus DopmasinHoM, OKpACHA HETe3HBIM I'eMaTOKCUIMHOM no ['ajijenraiiny,
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B. Hyxea: K Boupocy JAEJACHIN sICP P POreiepalyn ¢ ke erHoil Memnwt kposnia. Tadia. VIIL

Puc. 7, 8. Muillifia Kpodlka Yepes 9 gHeit 1ocile padneHus, Mutossl B MuoosacTax, - Pue, 9,
Mpimna Kposuka depes 9 aHedl ocste panedns, Muros B MuoGiacte. JeeHue ALpa IyTeM aMuTo3a.
Puc. 10. Mpuuiia Kpoanka uepes 9 AHelt nocie panenus, Muros 8 muoOiacte HelocpedeTBCHHO
110 COCCACTBY € MBINICWHBIM BoJlokHOM. — Puc, 11, Munna Kposuka 4epesn 9 JHell moclie
paHenusa, Amuron B MnoGiacre (ofpasoBaHue HeperopoAkit B fjpe). llepexop K UpHMUTHBHOMY
(aByXpAgepHOMY) cuMmiacry. — Puc. 12, Mpimua kpoduiia vepes 20 iHedt 1ociie pasceHusA. Pac-
HIMPeHHAR YaceTh KosT MBIHIeUHIoro BOJIOKHA, coiepsiainasd Hipa ¢ OTUCTINBO BIJHLIMI Tlepe-
ropoiaMi.
Pue. 7—12: Dugewdns GopMAIIHOM, OKpACKA FReTCHHBIM LeMATORCINOM 1o Tuiijlcuraiiny.
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B. Buempuyrwii: R wonpocy ¢TpywTyps BHpyca tadaunoit Mo3amit: : Tada. IN.

Puc. 1. Nypuduxar BTM, HenocpeacTBCHHO HOCTIC NPHOABICHHA CUMPTA PA3BE/ICHHBIN ABaKLI
JICCTILIIINPOBAHHOI! BOJIOM M HAHECCHHHIH HA IWICHKY.

Puc. 2. Hypunpurar BTM rax na puc. 1. Oriacienne 6as1-1acTHLIX 6€IKOB ¢ HOBCPXHOCTH HATOYCK.
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B. Buempruradi: N Bonpocey erpyRrTypel BIpyea tadaunoil Mosaniif. Tadir X.

Puc. 3. Hypndmzar BTM nocsie 24-uacosoro jaeciiersus ariviosoro cinpra upi 37 °C.

Poe. 8. Hasomar BTM us sonrposaniioro npetapara.
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B. Boiempuyrkuii: K soupocy cTPyKRTYPLL BHPyca Ta0auyHON MO3AMKIL. Tador. XT.

Puc. 4, a, 6. Ilypadurar BTM nocae 48-yacosoro aeiicTsus stumosoro euupra npu 37 °C.
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B. Foempuyrwii: K soupocy crpyrtypbl BUpyca Tadadioi Mo3anKi. Tada. XIT,

Pue. 3. 44-gacosoe jeiiersue orudaooro cnupra na uypudurar BTM upu 377 €. Ha smecrax,
0003HAYCHHBIX CTPCARON ()—, HCHPABWIBHOC PasfyXaHMe KPACB HAJOURI, CTPEIRAMN — - 000-
AHAYCHA BHYTPCHHSSL N0J0CAa B NAJTOYKAX.

Pue. 6. Hypudmikar BTM, pasBeACHHBIT JIBAAGIBL JICCTIVITHPOBANNON BOW0IL N NOBCPIABIIHHCH
A4-1ac0BOMY SICHCTBHIO TCMITCPATYPEN B 37 C. Crpesikamit O -— — 0003HAUCHBI TARIC 3RC SIBICHIS,
Kak M Ha pue. 5. CTPearol — 0003HAYCHBL OTICAUBINNCCH YACTHILL ¢ OTBCPUTHEM B HCHTPC.
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